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ABSTRACT 

A computer-based version and a manual version of a 
set of techniques (E A008632-633) developed to assist in forecasting 
the need for primary and secondary school facilities and in 
critically evaluating proposals to satisfy that need are evaluated in 
this report. The report is organized into eight chapters. Chapter 1 
summarizes the project organization, staffing, methodology, and final 
products. Chapter 2 reviews the general level of school facility 
planning in the United States, based on a survey of literature, 
school district interviews, and local and state questionnaires. 
Chapters 3 through 6 examine the four basic components of the system. 
Each chapter describes the techniques that have been developed during 
the project in light of the particular planning problem, and other 
relevant research activity. Chapter 7 summarizes different procedures 
for using the system^ with emphasis on techniques for recognizing and 
appreciating "uncertainty," The final chapter summarizes initial 
responses to the system based on a preliminary evaluation by various 
school administrators, (Author/MLF) 
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Preface 

The School Facility Planning System has been developed to assist public school 
administrators in their planning for educational space. The Systom has been made possible 
by a grant from the National Science Foundation to a consortium of institutions in St. 
Louis, Missouri. A manual version and computer-based version hava been developed and 
documented in separate reports. This final report reviews the research and development 
process, and th? product that has resulted. The System has had relatively limited test 
experience. All users who identify deficiencies in the procedures or documentation are 
encouraged to notify the Executive Director of the Council of Educational Facility Planners, 
29 West WoodiTiff Avenue. Cblumbus, Ohio, 43210; and/or the Director of Planning, St, 
Louis County Government Center, Clayton, Missouri, 63105. 
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1.1 



Introduction 




Chapter 1.* Project 

Organization 

The following report summarizes work carried out under the provisions of National Science 
Foundation Grant Number APR74.14195 to St, Louis County, Missouri. The research has 
been conducted in keeping with the general objectives of the program solicitation: To 
provide knowledge needed to improve the delivery of local government services, and to 
foster extensive utilization of validated alternatives among local governments.-^ More 
specifically, the project has focused on techniques whereby public school administrators 
might better conduct capital planning and budgeting under conditions of iincerts inty. In this 
regard, it has concentrated on the following basic objective, **to eVaiuate .Md improve 
existing demand forecasting methods to incre?"se their validity and usability for program 
administrators," 

This report describes the research project carried out by the St, Louis Research Consortiurr^ 
during the period June. 1974, through November, 1975. The report is organized into eight 
chapters. This chapter summarizes the project organization, staffing, methodology, and final 
products. Chapter 2 reviews the general level of school facility planning in the United States, 
based on a survey of literature, school district interviews, and local and state questionnaires. 
Chapters 3 through 6 examine the four basic components of the School Facility Planning 
System, Each chapter describes the techniques that have been developed during this project 
in light of the particular planning problem, and other relevant research activity Chapter 7 
summarizes different procedures for using the System, with emphasis on techniques for 
recognizing and appreciating "uncertainty." The final chapter summarizes initial responses 
to the System based on a preliminary evaluation by various school administrators. 
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1,2 Product The Consortium has produced a set of techniques for systematically planning future school 

buildings in an environment of uncertainty. In keeping with the general project direction, 
none of the basic techniques suggested are completely new. Rather, each builds upon already 
established analytical procedures. However, the refinement and assembly of these methods 
into a uniform package have not, to our knowledge, been accomplished heretofore. 

Two sets of procedures have been developed and documented: one oriented to users with 
access to a computer, the other requiring only a hand calculator. Each approach has certain 
drawbacks. The ^:.iiua\ approach will be laborious for most medium and large school 
districts. Alternatively, use of the computer version may require a longer orgaiiizational 
effort, especially when it is to be used on a non-IBM machine. Above all, neither version of 
the Facility Planning System replaces the user. 

The School Facility Planning System is designed to test facility plan?, not^ireate them. It 
will not replace the data collection requirements, the judgement and the creativity that have 
traditionjally gone into school planning. Therefore, to effectively u.se the System, the school 
district will be required to do considerable work. Historical information must be collected, 
educational standards and policies examined, and alternative solutions to a space problem 
devised. Given these reservations, the System does provide a structure and format in which 
to conduct school planning. It will enable the combination of intuitively derived standards 
and empirical information^ It will speed up necessary calculations, permitting many 
"iterations'* under different assumptions. It will help a district to appreciate the impaci 
likely to result from alternative school policies or community conditions. 

A pervading charactenstic of the School Facilit>' Planning System is flexibility. The user is 
presented with the iibilit>' to measure space requirements in terms of either teaching stations 
or square feet, depending upon preference. The ability is presented to conduct analysis at 
different levels of detail, on a district-wide basis, a school-by-school basis, or facility space 
type basis. Above all, the ability is provided to conduct impact analysis. Thus, schools may 
examine the probable effect of conditions over which they have no control, such as a shift in 
migration patterns or in the rate of assessed valuation growth. Similarly, they can examine 
the impact of changes in school policy or standards. Solutions of both a structural character 
(e.g., building or closing a school) and non -structural character (e.g., changing the desired 
students per classroom standard, sessions policy, or utilization rate) can be examined with 
equal ease. 



1.3 Research The School Facility Planning Project has been carried out by a group of St. Louis based 
Consortium organizations. The St. Louis County Department of Planning assumed lead responsibility for 

^;he project. Primary support was provided by the Intech Corporation, with additional 
assistance from the St. Louis University Center for Urban Programs, the St. Louis University 
Department of Education, and William B. Ittner, Inc. 

In addition, considerable guidance was provided by a nineteen-member Project Review 
Committee. This Committee met on two occasions In St, Louis for purposes of reviewing 
methodology and specifying requirements* The Committee also reviewed intermediate 
products prepared by the Consortium. Staffed by a diversified mix of public school 
administrators, government and professional society officials, and private and unWersltj' 
consultants, this group provided valuable advice U^rougJiout the project. 

1.4 Study Phases In keeping with the research proposal, the r^Toject war-divided into eight separate phases. 

Invariably, there was some overlap betwee*^; phases iiirroughout the project. The basic 
purpose and accomplishments of each phase Inclut^ed ths following: 

Project Orgarlzatlon * During the first several months, an office was formed, contracts were 
initiated with all Consortium members and approved by the St. Louis County Council, and 
tiie staff was assembled. 

Current Procedures Survey . In order to better understand the nature of the school facility 
planning process, several activities were initiated. Interviews were conducted witli 
approximately twenty public school districts, varying in size, wealth, and facility problems. 
A literature search was Initiated, concentrating on material listed In the Educational 
Resources Information Center (ERIC), Comprehensive Dissertation Index, the National 
Technical Information Service (NTIS), facility planning textbooks, and reports produced by 
professional organizations such as the Council cif Educational Facility Planners and the 
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Educational Facilities Laboratory. Two questionnaires wero^ designed to gather information 
from state departnients of oducation and local educational authorities respectively. These 
questionnaires were examined by the Project Review Committee, reviewed by the' Federal 
Office of Management and Diidget, and distributed in Februar\\ 1975. 

The culmination of Phase li was a working paper on the state-of-the-art in school planning, 
and a two-day meeting of the Project Review Committee in St. Louis. The document 
(Working Paper No. 1, ISl pages) examined t>'pical school planning problems and 
procedures, and advanced techniques that have been tried in recent years. Using a 
combination of large sessions and workshops, the Project Review Committee suggested a 
tighter direction for ^he study and provided a series of research leads and desired systems 
requirements. 

Systems Concept, The third phase of the study was that of developing an overview of the 
proposed system prior to the detailed design and development of any specific parts. This 
over\'iew was drawn up in light of several guidelines which had evolved from the 
state-of'the-art survey aiul the Project Review Committee meeting. General requirements 
were that the system be: 

Open-ended; so thai it could conduct botn simple and sophisticated levels of analysis. 
Modubr; so that it could be tailored to the particular study requirements of a given 
district, 

Flpxibie; so that it eould be used by districts with different demographic patterns, 
legislative regulations, and school board policies. 

From these deliberations, a rough system was designed consisting of .seven basic 
components: enrollment, fiscal, existing facilities, educational standards and policies, present 
facility analysis, proposed facility analysis, and detailed facility analysis. The objective, 
general description scope, and detailed component descriptions were prepared in a second 
working document produced in December, 1974 (Working Paper No. 2, 98 pages). This 
docui/ient was distributed to all members of the Project Review Committee and served as the 
basis for all subsequent components. 

Datci Collection. Data collection activity, in fact, continued throughout much of the 
project. It was recognized that a school census would provide valuable data for projection 
purposes, as well as for more general planning experience. In this regard, members of the 
Department of Planning participated actively with a local school district in the design of an 
enumeration form, the preparation of collection procedures, the actual supervision of data 
collection, and the analysis. Additional effort was devoted to the collection of vacant land 
and structure information in selected St. Louis County districts. 

Detailed Design and Development. The initial development efforts concentrated on the 
Enrollment, Factlit>\ and Fiscal segments of the manual handbook, A draft handbook was 
distributed in March, 1975, to the Project Review Committee. The initial compUter-based 
approach focused on a multiple regression program for projecting enrollments, and the use 
of a software package developed by In tech Inc., for the facility and fiscal analysis portions. 

The Project Review Committee met again in April. Based upon their comments, selected 
techniques were revised, additional techniques were developed, and the format and style of 
the handbooks were revised, A revised draft of the manual version was distributed in June. 

Testing and Evaluation . The original hope was that time and resources would permit 
extensive testing of the proposed system. Slippage in the design and development phase 
required that a less intensive evaluation effort be adopted. In this regard, the manual version 
of the handbook was distributed to Project Review Committee members, selected school 
districts across the country that had expressed interest in the project, and several additional 
school planning experts. These individuals and groups were requested to examine the 
document in light of an evaluation guide developed by the St, Louis University Department 
of Education, In addition to the written response to this guide, several seminars were held 
locally to discuss the System's capabilities. The computer version was tested on an IBM 
370/145 in the St, Louis County Data Processing Division, The results of the evaluation 
phase have been summarized in Chapter 8 of this report. Many suggestions have also been 
incorporated into the final handbooks. Further testing of the System in many diverse school 
settings across the country is desirable. 
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Documentatipn . Documentation coniinued throughout the latter half of the project, 
involvmg many revisions. This effort was accomplished primarily by St. Louis County. 
Several local editors were retnSned. Five hundred copies of the User's Handbook: Manual 
Version were printed; in addition, several hundred copies of the User's 
Handbook: Computer Version and the final report were produced. 

Project Conclusion. The last phase of the School Facility Planning Project consisted of a 
review by the National Science Foundation of all material, selected assistance to interested 
public school districts, and some publicity regarding the project. The grant specifically did 
not include a dissemination phase. While the St, Louis Consortium is interested in seeing that 
the System receives wide dissemination* the decision was made that an organization such as 
the Council of Education Facility Planners (CEFP) was best suited to support a large scale 
evaJuation and dissemination eftort. Accordingly, extra copies of all reports and programs 
have been forwarded to CEFP. 



1.5 Summary Those involved in facilit\' planning research at the theoretical level will not discover any 

major conceptual advances in the School Facility Planning System. This is partly a result of 
the project's limited time and resources, partly a result of th- difficulty of forecasting, and 
primarily a result of the project's overall focus. In keeping with the initial directives, we have 
prepared a practical, usable System that should help a variety of districts in their long-range 
capital planning and budgeting. The System is not easy; it requires time, data, and, above all, 
decisions on the part of the user. However, it should be considerably easier to implement 
than other facility planning systems, and when used judiciously should present equally 
accurate results. 
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Chapter 2: Educational 
Facility Planning 

Capital planning and budgeting activity i.^ characierizcd by certain common tasks and 
dangers, be it for private or public goods. As illustrated in Figure 2*1, the tasks may be 
thought of in ^rrms of **transformatlons*' which must be carried out by the planner. 
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FIGURE 2-1 CAPITAL PLANNING TRANSFORMATIONS 
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Capital The capital planning activity begins with a review of existing supply and demand conditions. 

Planning The demand for automobiles, golf balls, parks, public education, or any other commodity is 

P^'ocess examined in relation to the available facilities for supplying that commodity. The capital 

planner must consider potential gaps between demand and supply in the future, as well as 
the present. Therefore, the first transformation (T^) requires a projection of future demand 
and supply conditions. The automobile manufacturer must project the future demand for 
cars and the future ability of existing pbnts to build them. The number, wealth, location, 
and tastes of individuals must be projected, as well as the probable deterioration and 
obsolescence of currently available factories. Because most future demand characteristics 
will depend upon factors that are beyond the control of the planner, they must be 
considered carefully . with attention to the probability r f alternativr ♦'utures. 

The second step in the process requires that the future community characteristics be 
translated into their service acquirements. The community must be analyzed in terms of its 
projected need and desire for specific goods. In the case of public goods, this second 
transformation (T9) will require the establishment or identification of goals. Decisions must 
be made as to the desirable amount of open space refuse collection, or fire protection versus 
a lower tax bill. Ever>' potential senice level will imply a set of facilities, staff, and 
equipment necessary* to provide it. 

A comparison of the facilities necessar>' to meet future community goals with currently 
available facilities (which can be expected to deteriorate) reveals the extent of the planning 
problem. The third transformation (T3) involves the identification of required facilities and 
the consideration of alternative plans that could satisfy this current and projected need- The 
problem has aspects both of quantity and geography. The number and the location of parks, 
clinics, or schools must be analyzed. 

Kver\' potential configuration of new facilitio^ will have a price. Transformation four (T^ ) 
**costs out'^ the fiscal implications nf oach proposal. Tne final iiaasrorn:i:!tion (Tr) requires 
that one nf the alter native plans be selecli J, presumably that which comes closest to 
achieving the desired level of services within acceptable cos- siudelines. 

The actual capital planning process is. of course rarely as neat as the diagram in Figure 2-1. 
The outputs resulting from a given transformation will often cause a re-examination of the 
assumptions that led to that conclusion. A plan that appears too expensive (transformation 
•I) will cause the planner to consider alternative pians (transformation 3), However, the 
alternative plan options need not be limited to the consideration of smaller or cheaper 
facilities. Policies that would reduce required service levels during peak hours 
(transformation 2) may be feasible. Thus, a ban on lawn watering, an incentive for car pools, 
or an extra charge for electricity use in the evening hours may be reasonable alternatives to a 
larger water plant, highway, or generator. Similarly, the future community characteristics 
(transformation 1) need not be regarded as preordained. In recent years many suburban 
communities have discovered, through the use of zoning and subdivision regulations, the ease 
with which the number and kinds of people moving into a community may be controlled. 
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School 

Planning 

Process 



For the most part, the capital planning and budgeting function for public schools may be 
conceived within the above framework. School planning in the United States takes manv 
fo rms. With approximately 18,000 independent school districts across the countrs', it is 
understandable that much of the facility planning is characterized by unsophisticated 
methods and narrow scope, fn some districts an intuitive, passive approach to school 
planning is adequate, li over, as evidence accumulates of large-scale overbuilding of school 
facilities in recent years, uie importance of more direct, rigorous long-range planning is clear. 
Of course, it is rarely clear as to whelher the presence of a large excess or shoitagc of school 
facilities reflects poor planning or simply the complexity of the assignment. 

A typical planning process for school facilities is outlinoa in Figure 2-2. The expected 
student enrollment must be forecast in light of the number and kind of people expected to 
live within the district. The future number of children within the district will, like most 
other demographic forecasts, a'flect the combined effects of births, deaths, and migration. 
However, a more complicated aspect must be addressed: all school-age cliildren do not 
attend the public school s>'stem. Depending upon wealth, religion, and other family 
characteristics, some proportion of the children will attend private or parochial school, 
repeat grades, or drop out. 
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FIGURE 2-2 SCHOOL FACILITY PLANNING PROCESS 



The service level implications associated with a projected student body v/ill depend upon the 
educational goals of the community as expressed by school board and superintendent 
policy, and state legislation. The grade organization pupil-space and pupil-teacher ratios, 
curriculum offerings, recreational facilities, and transportation program are established either 
consciously or unconsciously. Each of these standards and policies must then be translated 
into its facility implications. Thus the decision to offer an automotive mechanics class, 
pro\ride a hot lunch, have a football or tennis team, or allow students to drive to school will 
present a facility requirement which may or may not be possible within the existing facility 
capacity. A comparison of required facilities with the existing school plant will yield a 
measure of needed or ( ccess space. 

Numerous solutions will typically be feasible for rt\solving a space problem. Non-structural 
solutions in the form of grade reorganization, grade relocation, work-study programs, or an 
open school environment may be appropriate. Stnietural possibilities will include creating 
"found space'* either within or outside existing facilities; converting unnecessary space to 
student, administrative, or community quarters; and, of course constructing or closing a 
school. Each of these facility solutions can be evaluated in terms of its direct operating and 
capital costs, as well as its educational benefits. Each may also be examined in terms of its 
geographic costs as measured in student travel time or distance, and/or student bussing 
expenses. 

The consideration of alternative plans is usually an iterative process. In some instances, none 
of the alternatives will be found capable of meeting the desired educational goals and 
financial constraints, in which case additional alternatives must be formulated. In other 
cases, several alternatives may appear feasible. The tradeoffs associated with each must then 
bo evaluated, that the optimal plan is selected. 

Finally the plan must be implemented, a process that requires an additional .set of designing, 
financing, schf^duling, and monitoring tasks. The mechanics of obtaining voter approval for 
bonds, preparing site and structural designs, selecting a contractor and overseeing the 
construction, demolition or remodeling are not d^rectl^' addressed as part of the School 
Facility Planning System. 



2,3 The Evolution School planning has in many respects paralleled urban and regional planning in the United 

of School States. There is little record of comprehensive school planning during the 19th century, A 

Planning more fundamental battle for free public school education predominated much of this period. 

Methods In the early twentieth ceiitur\- (he planning movement became active again, splitting in two 

directions. One approach, the "city beautiful movement,'* emphasized the design and siting 
of public facilities; the second was more concerned with the reform of social and economic 
conditions. School planning experienced the twin pulls of concern for the building*s visual, 
and to a lesser degree, functional qualities, and concern for the projected conditions and 
needs of the community. During the 1920s, a number of relatively comprehensive school 
plans were developed for major cities, and the concept of the school survey began. 

"A school survey is the sine qua non of educational planning.'*^ As developed principally by 
Nicholas Engelhardt, perhaps this century's foremost and most prolific American school 
planner, its purpose is to inventor}* the requirements, aspirations, and resources of a school 
district in order to formulate a long-jange development plan. Many categories of school 
surveys have been identified including:*' 



The Community and Pupil Population Survey 

The Finance Survey 

The Educational Program Survey 

The School Building Survey 

The Expert School Sur\'ey 

The Local Staff Survey 

The Citizen Survey 



1. Basil Castaldi, Creative Panning of Educational Facility (Chicago. Illinois: Rand 
McNally, 1969, p. 18. 



2. Ibid., p. 21, 
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The elements and procedures involved in ca:t>'ing out these surveys have been refined over 
the last twenty-five years. Specific advances are discussed in the state-of-the-art sections of 
Chapters 3 through 6. 

During the 1960s quantitative techniques began to find application in educational planning. 
Initial experimentation took place with computerbased regression, Monte Carlo, and linear 
programming models to forecast enrollmenl., establish attendance boundariec, and schedule 
classes and buses. Institutional advances occurred also with the creation' of the Ford 
Foundation supported Educational Fvicilitie: Laboratory (£FL) in 19G2 and the Council of 
Educational Facility Planners (CEFP) in 19G5. 

As the ability to conduct school planning has increa.sed, so also has the complexity. The 
introduction of alternative schools, open campuses, modular scheduling, individualized 
student learning contracts, and other similar innovations has provided flexibility for students 
but additional variables for the school plrnner. Perhaps more than ever before, a good 
solution to a space planning problem in one school district will not be appropriate for the 
next district. 



2.4 Local 



^" ^fd^'' to develop a system which would be useful to school districts, a concerted effort 
^. "'^dc to understand the typical planning techniques used by local districts, their 

DistricU problems, and suggestions for a planning system. A series of direct interviews was initiated 

with twenty school districts and a survey questionnaire was sent to a weighted random 
sample of five hundred local districts across the country*. Both rhe interviews and the 
questionnaires covered the following aspects of school facility planning: enrollment 
forecasting methods, fiscal resource forecasting methods, evaluation of existing facilities, 
educational stendards and policies, overall facility planning, computer capabilities, and 
additional suggestions. 

The school districts for the questionnaire were chosen in the following manner: (1) school 
districts were divided into three enrollment categories: a) 1000-2,499. b) 2,500-4,999, and 
c) 5,000 and up; (2) total enrollment for each of these categories was calculated; (3) the sum 
of these enrollment figures was then calculated in order to determine the percent of the 
combined school enrollment that each group represented. The results were as follows: 

ToUil Hnroilment Percent of Total 

Enrollment Category by Catouor\' Enrollment 

5000 and up 29,159,415 69-5 

2500-499S 7,070,177 16.9 

1000 -?499 5,726,969 13.6 



Therefore. 69.5 percent of 500, or 347 questionnaires, were sent to school districts having 
enrollment of 5000 and up; 16.9 percent of 500, or 84 questionnaires, were sent to school 
districts having enrollments of 2.500 4,999; nnd 13.6 percent or 69 questionnaires were sent 
to districts having enrollments of 1,000-2,499. The school districts within each enrollment 
category were chosen randomly. Approxi.-nately twenty additional questionnaires were 
distributed to specific districts known to have unique or highly developed planning 
procedures. Their returns were analyzed se^'arately from the random sample. The districts 
chosen for local inter\'iews were purposely varied in si?:e and problems, and located primarily 
in the St. Louis area. 

Ninety questionnaires were returned giving an 18 percent overall rate of return for the 
random sample. School districts with enrollments of 1000-2,499 accounted for 
approximately 13 percent of the returns; 17.6 percent were returned by districts having 
2,500-4,999 enrolled; and the remaining 69.4 percent were returned by districts having 
5,000 or more enrolled. The germane information extracted from the questionnarcs and 
interviews may be summarized with respect to forecasting experience, and all other planning 
considerations. 
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2.4.1 Forecasting ProFcssional judgement was identified by more responding districts, of every size, than any 

other method of forecasting enrollment or fiscal resources. Of those responding, 68.9 
perwnt used professional judgement to forecast enrollment, and 61,1 pet cent used it to 
forecast fiscal needs. Response to other enrollment forecasting techniques were: cohort 
survival (56.7rn), percentage change in enrollment (38.9%), linear projection (32.2%), 
absolute change (14.4%), and multiple regression (6.7%), Responses to techniques other than 
professional judgement for fiscal fore castings were: percentage change (38,9%), a source 
outside the district administration (31.1%), absolute change (28.9%), linear projection 
(15.6%), and multiple regression (3.3%). No enrollment projection was made or used by two 
percent of the respondents, while ten percent did not engage m fiscal projections. 

The factors considered important in forecasting differed only in number among all sizes of 
5' hool districts and all methods of forecasting. The following factors were considered 
li^>portant by survey participants in forecasting enrollment: (1) previous enrollment trends, 
(2) age distribution of pre-school age children, (3) age distribution of school age children, (4) 
birth patterns, (5) dropout rates, and to a lesser degree, (6) number of housing starts, (7) 
mobility, and (8) housing trends. Alternatively, the number of bedrooms per dwelling unit, 
age distribution of heads of household, religious composition, and med'an family income 
were not considered important factor;; in enrollment forecasting. 

The factors considered important in fiscal forecasting followed a similar pattern. The 
variables considered important were U) tax on real property, (2) assessed valuation, (3) state 
policy toward school financing (especially capital expenditures), (4) bonded 
indebtedness/bonding capacity. (5) iegal or political considerations, (6) interest rates, and 
(7) voter attitudes. Among the factors considered least important in fiscal forecasting are the 
number of housing starts, interest rates, and trends in commercial and residential 
development. 

The number of years districts project en»-ollment and fiscal resources did not vary 
significantly with regard to the district's size or forecasting method used. A large majority of 
survey respondents (77,9%) forecast enrollment five years or less into the future, while 22.1 
perauit use an enrollment planning horizon of six years or more. Of the participants which 
conduct fiscal projections, 93.7 percent project fiscal needs five years or less. The remainder 
(6.3%) forecast six years or more. 

As might be expected, the percent error ir: a forecast and the number of years ago the 
forecast was made or updated were postively related. However, practically all districts 
reported three percent errors or less in their enrollment forecasts for the 1973-74 school 
year, with no variance in error attributable to anything other than the number of years ago 
the projection was made. In other words, there was no conclusive evidence suggesting that 
better results were obtained by those districts using sophisticated forecasting techniques as 
opposed to those using less rigorous methods. Fiscal resource forecasts were one percent 
wide of the mark or less for the 1973-74 school year projections, and again the accuracy was 
apparently attributable solely to the fact that most of the fiscal resource forecasts were 
made only one year into the future. 

The search for sources of error in forecasting enrollments and fiscal resources was further 
pursued by examining the data used in the forecasting techniques. Comparison between 
districts to discover any different data sources was, however, essentially fruitless since the 
large majority of survey participants used their own enumeration or records of school-age 
children in enrollment forecasts, and state and local government agency data for fiscal 
resource forecasts. Moreover, neither the questionnaires nor the interviews provided a sound 
basis for evaluating the accuracy or uniformity of the data obtained from these sources. 

Although no accountable source of error was revealed by comparing sources of data used by 
school districts, most districts stressed that the lack of data with which to measure and 
predict migration in their school districts constituted a primary forecasting problem. 
Problems encountered in projecting fiscal resources included the inability to predict state 
appropriations, tax base growth, and inflation. 

Space Utilization The remaining aspects of school facility planning covered in the questionnaire will be 

and Planning discussed in the following order: (1) the role educational standards and policies played in 

facility planning in each district, (2) how each district handled overcrowding or space 
under-utilization. (3) who was involved in planning in each district, (4) computer capabilities 
of each district, and (5) interest in a facilit\' planning system. 
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2.4.2 




The following educational standards and policies were listed by more than half of the 
districts as very important in facility planning: (1) total enrollment in each type of school 
(74.4%), (2) students per classroom {12.27c), (3) general system organization (71.1%), e.g.. 
K-6, 3,3; K-S, 2,2, etc., (4) curriculum (67.8%), (5) student-teacher ratio (60,0%). Less than 
forty percent of the respondents felt that the number of graduates going to college, average 
transportation distance, sessions policy, racial balance, and community use were very 
important considerations. 

A second aspect of facility planning focused on the way in which districts have faced 
situations involving overcrowding or under-utilization of space. The majority (65.1%) of the 
c.urvcy participants currently have some teaching space that is no longer used for instruction. 
Eighteen respondents (20%) have sold unused buildings. However, for the most part the 
excess space is evenly distributed between storage, office space, and spcckil educational 
purposes. Many of the districts (70%) have experienced some overcrowding, In these cases, 
35.6 percent of the districts used a staggered or double sessions policy, while 53.3 percent 
used temporary or portable structures, 

The third aspect dealt with the number and variety of participants involved in the overall 
planning effort. With few exceptions central office administrators and school board members 
wen? identlHed as participating in planning aU of the time, with teachers, local government 
planners, and outside consultants participating some of the time. This was true for all 
districts regardless of size or woalth. The estimated staff effort devoted to capital planning 
and budgeting varied widely with 54.3 pcrctnt of the respondents indicating less than nine 
person-months, and - 4.3 percent reporting sixty months or more. 

In terms of computer applications, approximately two-thirds of the respondents indicated 
that their districts have access to a computer. Predominant applications of tho computer 
include payroll and bookkeeping activities (67.8%) and grade reporting (52.2%), Other 
applications are used by considerably fewer districts: fiscal forecasts and evaluations 
(22.2%), enrollment forecasts (20%), bus routing (14.4%), and facility planning (7.8%). Of 
those having access to a computer, forty percent would be interested in a computer-based 
planning system; twenty-six percent of those interested in such a system would consider 
spending more than $2,500 annually on it. Approximately one-third (36%) of the 
respondents indicated an interest in a manual planning system. 
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State 

Departments 
of Education 



Enumerations 



2,5.2 



Financial and 

Technical 

As2>istance 




A second aspect of the current procedures survey focused on the roVj of the states in school 
planning. Forty-seven state departments of education (or equivalent) responded to a survey 
of state legislation concerning enumeration and fiscal requirements and technical-financial 
assistance. 

Of the forty-seven states which responded, twenty -nine or sixty -two percent indicated that 
state law requires a periodic enumeration fif school age population (generally ages one 
through nineteen). These surveys are conducted at various intervals ranging from once every 
ten years to an "on-going process." Of the twenty-nine states conducting enumerations, 
ninety -three percent conduct one at least every three years; seventy-six percent conduct an 
enumeration annually. 

Information collected varies among the states. Indiana, for example, requires a 
comprehensive enumeration evtry year, on a district basis, including information on the 
total number of students by grade, means of transportation to school, number of students 
using the school food services, teacher/student ratio, racial composition, sex of population, 
and number of handicapped students. The state of Alabama demands an enumeration once 
every four years, acquiring such information as the numbe: of students per school district 
between ages two and five and the number of families with incomes under $3,500, In some 
states, such as Delaware, state personnel actually conduct annual enrollment studies 
themselves, rather than relying on the local districts. The purpose of the state required data 
is primarily to provide a basis for allocating stole funds. 

Twenty-three or forty percent of the states responding allocate funds for capital planning 
purposes, either directly or indirectly. Ten of these states allow the expenditure of planning 
funds as part of the first phase of a construction project. For example, a percentage of the 
funds allocated for the construction or remodeling of a building could be directed to the 
planning and design of that facility. The State of Maryland finances all eligible and 
authorized capital construction proposed by local agencies. Capital planning costs are 

1!) 



considered part of these construction costs. 



2.5.3 



Fiscal 
Legislation 



Seven additional states devote funds for school capital improvement programs, which 
include general planning. This categor>' differs from the above in that the planning funds are 
not tied to specific building or construction projects. For example, Illinois' Capital 
Assistance Program Guidelines state that one percent of appropriated funds shall be used for 
planning assistance. Planning funds are used primarily for analyzing needs, selecting 
alternatives, a;:d/or developing preliminary design specifications for a project. 

Other states engage more directly in planning for local districts. Kentucky establishes strict 
requirements for local districts at the state level. California, North Carolina, Utah, and New 
Mexico conduct planning studies for individual districts, but work primarily through the 
state offices, rather than funding the individual district. In all, thirty-three states claim to 
provide some form of technical assistance. Such assistance to the local school systems 
generally falls in one of three categories: (1) architectural, (2) engineering, and (3) 
consulting on financial, educational, or demographic issues. 

State legislative considerations which impact school planning and budgeting from a fiscal 
perspective fall into two types: (1) financial limitations and (2) bond issue/tax rate 
approval. Thirty-four of the forty -seven slates responding (72%) indicated that their districts 
are subject to a bonding limit, usually a percentage of the assessed valuation of the local 
district or county. As noted in figure 2-3, limitations on permitted indebtedness range from 
two percent in Indiana to forty percent of the assessed valuation in Nebraska. 
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VARIATIONS IN PERMITTED BONDED INDEBTEDNESS AS A PERCENT 
OF SCHOOL DISTRICT ASSESSED VALUATION. 
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other financial constraints include limits on interest rate payable on loans and bonds (five 
states) and time requirement/limitations to repay bonds or loans (three states). In eight 
states, the state will levy a special tax, of limited duration, for capital construction. This is 
generally done in combination with, or as an additional option to, established sources. Two 
states* Georgia and Vermont, will match funds with local districts. 

In terms of public approval, thirty of the states require voter approval of a bond issue. Two 
additional states require a public hearing in the district or county before a bond issue can be 
approved. Nine states require that the state board of education give approval before a project 
or bond issue is submitted to the voters. Usually this approval is given only after an extensive 
survey of needs and conditions has been conducted by the state. 

The role of state government obviously varies widely with respect to the planning of local 
district facilities. A surprising number of states have begun to get involved in the provision of 
technical and financial assistance This would seem to be a natural development. With the 
exception of the largest and most affluent districts, many local school systems will not have 
ready access to planning expertise unless it is provided by the state government. 





Chapters: Enrollment 

Analysis 

The primary purpose of school facility planning Is to insure that school capacities will meet 
projected enrollments. Since adjustments to the school plant take time, years In the case of 
new facilities, planners cannot postpone school facility changes until actual enrollment 
changes occur. They must anticipate enrollment trends at least far enough in advance to 
allow time for required facility changes. 



3.1 



The Problem 
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If one hundred percent certainty existed as to the accuracy of enrollment forecasts, planners 
would know exactly when and where changes in facility demand would occur and with what 
magnitude, thus enabling them to focus full attention to effectuating the programs necessary 
to meet this demand. However, changes in a school district's enrollment arc Influenced by 
fluctuations in many factors, including size of the district's population, geographic and age 
distribution, quantity and types of housing, average family size. Income levels, and birthrate. 
In turn, each of these has some influence on the others, and is itself influenced by similar 
factors that characterize the larger region in which the district is located, 

A forecast of any one of these factors may be quite unreli.^ble given the seemingly limitless 
number and combination of influences that could be exerted upon it during a given time 
period. Thus, it is clear that any enrollment forecast, plagued by the compounded 
uncertainty associated with the factors used in the model, must be considered with caution. 

In addition to the problem of uncertainty is the problem of data collection. Too often 
forecasting models developed on a sound theoretical basis are thwarted in the testing stage 
because of the unavailability of data. For example, certain socio-economic and demographic 
data such as Income levels, age distribution, or birth rates are rarely available for school 
districts, since school districts often have boundaries which do not coincide with census 
tracts, counties, or other jurisdictions for which this data is available. In light of this 
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informational deficiency it might seem foolhardy even to attempt any enrollment 
forecasting. 



However, the reality of "uncertainty" and limited data should not be overstated. Many of 
the factors influencing enrollment fluctuations such as age distribution, birth rate, and 
income levels change relatively slowly. This slow change introduces a stabilizing effect on 
enrollments. Other factors may fluctuate more rapidly but do so in a predictable manner, 
given historical data and reasonable assumptions as to the limits of change in a given district. 
Moreover, even though specific data by .school district may not be available, data for 
jurisdictions which include the school district will often suffice. Where it is known that large 
differences exist between, say, county-w'de age distribution and age distribution for a 
particular school district within that councy, adjustments can be made to account for the 
difference. 

In summary, although uncertainty in enrollment projections cannot be eliminated, forecasts 
may still be generated with some confidence to arrive at **ball-park" figures. The challenge is 
to produce reasonable forecasts upon which long-range capital decisions can be based, 
without necessarily initiating a major study or retaining an expensive consultant. 



3.2 



State of the 
Art 



3.2.1 



3.2,1.1 



Extrapolation 
Method 



Percentage of 
Survival 



In the last decade, statisticians, planners, and educationni specialists have proposed a number 
of procedures for enrollment forecasting, ringing from very mathematically sophisticated 
models to relatively straightforward adjustments of old procedures. At the moment it is 
unclear as to whether the more sophisticati>d models provide appreciably better results than 
the less .sophisticated models. Most of tl:e more sophisticated models have not yet been 
subjected to the kind of rigorous comparative testing which would establish that they 
provide results sufficiently better than somj of the less elaborate techniques. When, and if, 
such comparisons are made or become known it will be possible to make more definitive 
jud^ents. 

A.S part of the School Facility Planning Project it has been possible to review the various 
models and make some tentative judgments as to theoretical strengths and weak.nesses, 
probable accuracy, and relative ease of application. More rigorous comparative testing has 
not been feasible within the scope of the project. 

The following review of the literature follows the general classification system used by 
Wasik^. Forecasting methods are examihed in one of three categories«-extrapolation 
methods, structural flow methods, or Markov models. Sch' ol "district enumeration 
procedures are also reviewed. 

The vast majority of forecasting methods actually in use are extrapolation models of one 
sort or another. That is, they attempt to predict future enrollment on the basis of past 
trends in some relatively straightforward way. 

Without any question the most popular, at least in the sense of best propagated, method of 
forecasting Is the percentage of survival technique, or, as it is variously known, the cohort 
survival method, the percentage of persistence method, and so on. Almost all the articles in 
non-technical education journals (e.g., American School Board Journal , School Management , 
School Executive , etc.) treat this method as the method for forecasting enrollment. ' 

The principle behind the cohort survival method is simple. Over time, a relatively consistent 
percentage of students pass from one grade co the next. After calculating that percentage for 
past years, it is a simple matter to multiply the number of students in any given grade by the 
percentage of survival which was established for previous years (five previous years being the 
most common). Thus, one obtains a forecast for the number of students who will be in the 
succeeding grade in the succeeding year. Using the same basic principle, one can predict the 
number of students who will remain in a cohort at each grade of their progress through the 
school system, once the cohort enters first grade. 

Predicting the number of students who will enter first grade tends to be slightly more 
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difficult, although that is obviously the crux of the issue for any but the shortest range 
forecasts. In general, the procedure is to apply the same basic principle, only Instead of using 
the percentage of survival from one g^rade to the next, the planner estimates the number of 
first graders as a percentage of the number of births six years prior. 

McNamara has suggested a relatively simple modification of this method for predicting first 
grade enrollments. In most applications of this method, the ratio of prior births to first 
graders is calculated by determining the arithmetic average of the percentages for the five (or 
whatever) previous years. McNamara, however, borrows the process of recursive substitution 
from economics in order to derive weights for the survival ratios closer to the year for which 
the prediction is being made. 

For instance, if a planner was attempting to estimate the first grade enrollment for some 
district as of 1976, he would not simply obtain the survival ratio by calculating the 
arithmetic meaii of the survival percentages from 1968 to 1973. In McNamara's 
modification, the survival ratio for 1969 to 1973 would be most heavily weighted and 
remaining years would be very lightly weighted. This would tend to help account for 
pronounced recent changes in the percentage of births in a district compared to the number 
of first graders six years later. 

McNamara claims this weighting procedure is more useful when the correlation between the 
prior birth rate and actual first grade enrollments diverges from R - 1.0. He cites one case 
where use of this formula decreased the error by one-third. This was admittedly, however, an 
unusual case as the correlation between prior birth rate ind first grade enrollment was r - 
-.81. He gives no indication that much improvement in prediction can be expected under 
more normal circumstances. Nor does he indicate whether the prediction obtained by this 
iTiodified cohort survival method is better or worse than a prediction obtained by some other 
method. Still, the method is easily applied and requires no extra data collection. 

The major problem with the cohort survival technique of estimating forecasts is that it is 
frequently wrong, particularly in longer range forecasts. As early as 1952, Larson and 
Strevell found that, while cohort survival methods made predictions that were within ten 
percent on a one to five year forecast, they became very unreliable thereafter.^ A study of 
242 school forecasts made by the cohort survival method by Green wait and Mitchell showed 
that on seven-year forecasts the cohort survival method was reliable within ten percent in 
fewer than 100 case?;. Webster and Denham also cast doubts on the accuracy of the cohort 
survival method.'*^ 

On the other hand, Banghorst cites an unpublished study by Impara to support his 
contention that a cohort survival method is reasonably accurate, that is, within five tenths 
percent for one year and roughly an additional five tenths percent for each successive year.^ 
Studies such as this, particularly when combined with the continued popularity of the 
cohort survival method, provide evidence that the method must be good for most practical 
short-range purposes. 

One step that may be used to improve the usefulness of the cohort survival technique is the 
consideration of confidence bands for the forecasts actually made. A method for estimatJng 
confidence intervals is advanced in an article by Braden, et.al."^^ They convert an 
approximation of survival rate variance into approximate confidence intervals. The 
presentation of all forecasts with confia^nce intervals encourages administrators to take a 
more cautious, and therefore more realistic, approach to enrollment forecasts. 

In summary cohort survival models have been shown on several occasions to be only 
moderately accurate predictors of enrollment. Their continued use is most probably due to 
the fact that they are easily computed End need very little data. Other than attempting to 
forecast first grade enrollments, a school administrator should have all the needed data at 
hand. Such models apparently predict cccurately enough to fulfill the modest short-run 
desires of most school administrators. 

3.2,1.2 Dwelling Unit Most of the experts in enrollment forecasting stress that, at the very least, crude checks on 
Multiplier the housing stcM-k wiihin n district are absolutely necessary to avoid serious errors. If, for 
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instance, a school district has experienced a substantial residential development within the 
last year, it is unlikely that the impact of this ;yill be accounted for In a cohort survival 
method of prediction. Greenwalt and Mitchell are only two of several researchers who have 
shown that the cohort survival method tends to underestimate population In rapidly growing 
communities. 



It is imperative, then, that all forecasters have some knowledge of changes in housing within 
their forecasting area. This implies a certain amount of cooperation with local agencies 
regulating and recording building starts as well as with local realtors. 

Jaffe has gone a step farther.^^ Ho suggests that it is possible to base an entire enrollment 
prediction on the number of dwelling units in the forecasting area. He contends this is a 
particularly useful short-run prediction method for communities undergoing substantial 
growth in the development of land space. 

The general procedure for predicting enrollment on the basis of dwelling units involves: 1) 
taking a census of dwelling units in the forecasting area (or, in the case of a longer range 
forecast, a projection of the number of potential dwelling units in the area); 2) determining 
from past census data the number of persons per household; 3) converting those figures into 
the proper ago distribution; and 4) converting the age distribution, on the basis of prior 
experience, into enrollment forecasts. 

For this approach to be effective the planner must bo aware of the life-cycle patterns in his 
district. As communities get old or undergo any marked demographic change (e.g., racial 
transition), both the population per household and the age distribution of the population are 
likely to undergo substantial changes. Post specifically points out that experience in eastern 
metropolitan areas has suggested there will be a natural decline in the population of an area, 
duo primarily to deaths and children leaving home, if these are not offset by now housing 
starts. In fact, for the Philadelphia metropolitan area, he suggests a formula for estimating 
total population which assumes an eleven percent loss of population in an area over ten years 
if it is not offset by new housing starts. 

Appendix D of the Jaffe article adds one further caution: 

It is an open question whether there is any such thing as a purely local trend in 
the development of a small area's population. TTie population growth of small 
areas appears to depend not only on the growth of its own housing supply but 
also on the provision of housing in manv, manv other small areas. 

This illustrates another of the difficulties in small area population projections and tends to 
suggest that larger area population estimates might, in the long run, be more effective. 
Swanson and Lamitie argue persuasively that metropolitan level planning is more effective 
than s\ng:<' district planning, regardless of what model is used. 

It is also woirth mentioning that there are some very sophisticated urban land use models 
which project, or at least allocate, dwelling units. ^'-^^ Unfortunately, these urban land use 
models are neither particularly accurate at the small geographic area level nor are they 
inexpensive to use. 

The dwelling unit multiplier approach, dospi^.o basic theoretical soundness, is not common In 
forecasting school enrollment because it raises many questions of data collection. Unless a 
school district had some automatic connections with the zoning commission or the office of 
building permits, it would need continuous surveys to determine building starts. Even if the 
school district was getting data from such agencies, there is no guarantee it would be in a 
readily usable form. Finally, there would be difficulties selecting the locally appropriate 
multipliers unless there were some data for previous years. In many communities this 
method could be most fruitfully employed as a rough check on other methods of 
forecasting. 

3.2.1.3 Regression Regression methods can use simple regression - based either on time or on prior 

Methods enrollments— or they can use multiple regressions, employing any number of factors. 
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Denham makes a general argument for using multivariate approaches wherever possible, but 
there is an absence of definitive proor that multiple regression forocasts are any more 
accurate than simple regressions.^" At this point, the obsorvalions of Charters seem 
applicable: 

Multiple regression procedures, usinp, four or five alternative predictor vari 'bles, 
might seem to commend themselves to the forecasting problem, but they are of 
limited value except in a few circumstances. Considering that the forecaster 
prefers to base predictions on recent experience and thus, may have no more 
than ten data points on which to construct a regression formula, the addition of 
predictors soon exhausts his degrees of freedom 18 

He suggests, instead, several applications of simple models under different conditions to 
make alternative enrollment forecasts. 

Carss has, in fact, employed a multiple regression model but the accuracy of his predictions, 
an average error of less than three percent on one-year predictions while adequate, was not 
ovonvholming. In addition, his regri>ssion model employed no factors other than the 
cohort enrollment foi the four previOLR years. He apparently used each of these as an 
independent variable for predicting the size of the cohort one year in the future. Certainly, 
this approach runs great likelihood of error because of multicolinearity. 

On the other hand, Webster presents wh^t is probnbly the most impressive argument made 
for any forecasting technique in favor of a simple regression modeL^^ His argument 
l)undertakes a systematic comparison to some other method, 2) shows clear-cut superior 
results, and 3) offers a compelling theoretical reason as to why his model should be superior. 

Webster's basic argument rests on the obrervation that, while it is always possible to establish 
a ratio of persistence, as in the cohort survival method, this ratio does not tell the forecaster 
anything about the correlation between the two variables, in this case, the grade which one is 
using as a baseline grade and the grade whose enrollment one is predicting. And while 
correlation does not indicate causality, it does establish directional trends. 

Consequently, Webster uses a least square regression formula to develop thirteen equations, 
one for each of the transitions between grades (including kindergarten). The use of the least 
square technirjuo to determine trends in tne survival ratios over the previous five years, tends 
to account for the specific linear trends which might be developing rather than wiping those 
trcndj; out by averaging the different ratios. As Webster says: 

By a\oriiging ratios, the cohort survival method washes out year-to-year 
difforenee«; in variability, thus contributing to enor in the projections. In the 
case cf regression analysis, on the other hand, Ihe same differences in variability 
merely lower the size of the correlation coefficients. 

To compare the regression technique mth the cohort survival method, Webster made 
predictions for twenty five Michigan school districts, all chosen from a sample stratified to 
insure sampling of districts with difforonw growth rates. In 100 predictions (elementary and 
secondary levels, forecasts of five and l ight years) the regression method yielded better 
results in seventy cases. Using a binomial test, the difference is significant at the .022 level. 

Furthermore, the percentage of errors in the predictions was considerably smaller for 
regression forecasts than for cohort ';urvival forecasts in those districts which were 
undergoing rapid change. The superiority of the regression technique was never quite as 
clear-cut in those districts experiencing relative stability. 

Barring contrary evidence, it would seen: that the regression technique is clearly superior to 
the cohort survival technique. Furthermore, as Webster points out, the practicality of this 
approach is not particularly in question as: 1) it does not require any additional data from 
the data needed to make a cohort survival projection; and 2) standard computer programs 
are available to make the least square projections required. 



26 



19 



3^1.4 Ratio Mc Jiod Ratio techniques do not so much involve any particular mathematical technique— after all, 

both the cohort survival and dwelling unit multiplier methods employ ratios to arrive at their 
fortcasts. In this context, ratio methods refer more to the practice of attempting to base 
long-range school forecasts on long-range population projections by either the Census Bureau 
or somestate agency. 

Hie basic historical information is tlie proportion of the state's total which 
attends public schools in a specifl*: local area. This portion is then projected and 
converted into estimated school enrollment by applying it to the projected state 
enrollment."^^ 

The major problem, of course, is to determine the appropriate ratio between the school 
district and the larger forecasting area. Jaffc suggests two techniques which can help in this 
area— least square regression and triple exponential smoothing, a technique which weighs 
most recent years in trend smoothing. He then gives examples of how to apply each of these 
methods.2^ 

In the first example, making twelve-year enrollment predictions for Maryland counties, Jaffe 
uses a least square regression technique to determine the proper ratio of each county's share 
of the total state enrollment for 1980— ;vhich is, in turn, based on Census population 
predictions. In this example, however, ho does encounter some difficulty in that there are 
wide divergences among the predicted enrollments for each grade within some icninties. He 
contends, logically enough, that one would expect enrollments in the successive (trades to 
show a certain amount of continuity. These discrepancies occur from choosing inappropriate 
regression lines. In actual practice, it probably would have been worthwhile to recalculate 
the predictions, using different regression linos. 

However, it is worth noting the general principle, that the amount of divergence between 
successive grades, or groups of grades in his actual example, provides a crude check on the 
usefulness of the estimate. If the divergence is very large, one has reason for suspecting the 
accuracy of the overall estimate. His example of a very large divergence comes from one of 
the counties in his example which is predicted to have .0144 of all the Maryland children 
enrolled in grades 1-4 in 1980, but .0065 of children in grades 4-8, and .0172 of children in 
grades 9-12. Given family patterns, it is unlikely that a district would have so many children 
in primary and secondary grades, but so few in middle grades. 

Attempts to apply this linear regression formula in California counties, the second example, 
did not work very well. To assess the applicability of the method, Jaffe tests it on five 
previous years. Ho finds an average error in the predicted share of enrollment for the 
five-year projection of 22.8 percent. Using the triple exponential smoothing method, he 
reduces the error for the past five years to less than eight percent. 

When he uses the triple exponential smoothing approach to project into the future, he finds, 
in this particular example, that the smaJlesu smoothing constant gives the least divergence 
between clusters of grades, but he warns thai this must be determined separately for each 
case. 

The general methods which he uses for predicting enrollments in states and counties are also 

applicable to individual school districts by relating ''the population of school age within the 

local district to the same age population in the county for three Census periods,*.. The 

population of school age in the county is then related to the same population in the 
state."24 

However, he warns, echoing a general concern of virtually all the articles reviewed, ihat the 
smaller the area or the fewer the number of previous data points, the more difficult the 
projection is and the greater the likelihood of error. In the example Jaffe cites, for instance, 
he is able only to predict total enrollment will increase between two and twenty-one 
percent. 

This basic technique can also be modified to make sub-area forecasts. The ratio of the pupils 
in the sub«area to the total district must be determined, then the total projections for the 
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district are modified to give some estimate of the sub-area. Again, however, the degree of 
accuracy is likely to be limited. In general, ;t ii extremely difficult to make accurate 
forecasts for small areas. In all probability, it makes more sense to concentrate on 
administrative methods for fluctuations within sub-diiivicts than to attempt to forecast 
those fluctuations. After aJI, long-range commitments, like buildings, are going to depend 
infinitely more on the overall growth of an area than on the fluctuations of any particular 
small area. That, of course, is assuming aJI tilings are equal; if some secular trend in a 
sub-district area is making a relatively permanent change in the neighborhood - a new 
housing development or a racial change- that is important to know about. 

Still another use for the general ratio technique is in adjusting various demographic variables, 
particularly tho birth rate, when the boundaries of a school district are not coterminous with 
other administrative units. Again, the basic concept is simple; one adjusts the birth rate of 
the entire administrative unit by the percent of the administrative unit's population living 
within the school district. The results will only be approximate, but they will, in most cases, 
be sufficiently accurate. 

The ratio technique provides useful approximations for situations whic. are not readily 
covered by other techniques-long-range forecasts, small area forecasts, and non coterminous 
administrative units. As such, it is most profitably used in conjunction with various other 
methods. It is a relative .y uncomplicated procedure, even with the adjustments suggested by 
Jaffe for long-range forecasting, and does not require either elaborate calculation or 
extensive data. It is a useful tool in the planner's arsenal of techniques, but by itself is not 
likely to provide the accuracy needed for most day-to-day school district operational 
forecasts. 

Structural According to Wasik: "Structural flow models will be defined as nuKJels which quantify 

Flow ^';ethod certain structural relationships among various factors in the system."^^ Most of the models 

of this sort which Wasik gives as examples were not designed for the explicit purpose of 

predicting enrollments in public school districts. 

For instance. Bolt et al. developed a set of equv-tions to describe the flow of students from 
doctorate programs into various scientific professions.^^The equations, though limited to 
linear equations, seem to be more useful for simulating various policy decisions about 
science education. Still there is no obvious reason why someone could not develop a model 
like this related to enrollment forecasts. Yet, neither is there any clear reason why they 
should. 



One model of this type for actually predicting school, enrollment was developed by Denham. 
Two basic assumptions underiie her effort: 1) it is best to present results In a probabilistic 
format to avoid the misplaced concreteness which can result from a single figure estimate; 
and 2) multivariate analysis is to be preferred over single variable analysis if possible. 

Following these assumptions, she developed a clever computer program which employs the 
Monte Cario method to generate a series of probabilistic enrollment forei;asts. 

The first step was to create a simple mathematical model of projected enrollment which 
included estimates of a number of key factors, such as previous enrollments, previous 
migration patterns, previous patterns of transfers from non-public schools, previous 
retentions, and so forth. The general concept was to disaggregate all the factors which were 
aggregated into the one xatio in a pure cohort survival method. 

She then used a Monte Cario routine to simulate enrollments under certain circumstances. 
That is, in simple terms, she ran her basic model through the computer for 100 iterations, 
using random numbers to determine whether high, low, or expected proi'fctions, which were 
three standard deviations from the mean of a b*?ta distribution, would be used to calculate 
the value of each component for that run of the equation. The accumulated results, then, 
were readily reduced to n probability projection of enrollment. 

The basic drawback to Denham 's procedure is that the results do not appear that much more 
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accurate than the cohort survivaJ method predictions with which she was comparing them. 
They are significantly better, in a statistical sense, than cohort survival projections only 
when comparing for aJl grades over all six years of her projections. Her results are generally, 
but not significantly, better over specific years and grades. If one uses a plus or minus ten 
percent of actual enrollment as a criterion, as used by Greenwalt and Mitchell, the 
experimental projections had only nine errors, while the cohort survival method had ten. 

Further problems have to do with the internal assumptions of the model. For instance, it 
seems that the assumption to not use a skewed distribution for the high and low projections 
for each component contributed to the fact that forty percent of the enrollment predictions 
fell outside the five percent limits of confidence. It also happened that the model showed a 
considerable amount of "noise." It was impossible to reject th6 null hypothesis for different 
random starting numbers and for fifty percent of the values produced by different 
simulations. 

The Denham model has been used as part of the enrollment simulation model (ENSM) 
tested by the Santa Clara County Component of Project Simu-School.^ ' Tests to date have 
not indicated that the exteuoive data preparation effort, relative to simpler techniques, is 
justified by superior forecasts. 

Another technique currently under development by the Santa Clara County Component of 
Project Simu-Schooi is ENSIM II, a population model based partly on an analysis of land use 
and partly on the identification of population migrational patterns. This model makes its 
projections based on an in-depth assessment of household mobility. A special census must be 
conducted to determine what types of families have a propensity for moving and what kinds 
of houses certain types of families will occupy. This information is then compared with the 
decennial United States census data to identify demographic change on a block-by -block 
level. ENSIM II requires that all households, housing units, and neighborhoods in the district 
bo classified by type according to a number of social and economic characteristics .When this 
process of classification has been completed, probability matrices are used to predict future 
conditions in the district. The model also requires assessor, land use, and health related data. 
While no conclusive evaluation has yet been made oif this approach, its extensive data 
requirements and the use of only two data points (e.g., censuses) in identifying housing 
trends are reasons for concern. Nevertheless, ENSIM I and II represe:.t some of the most 
innovative enrollment forecasting research currently in progress. 

3.2.3 Markov Chains Despite several recent suggestions of the viability of Markov chain models to forecast 

enrollments, there is at the moment no compelling rationale for choosing this method for 
this task. At the moment, it seems as if the primary applicability of Markov chains is in 
modeling existing educational systems. Particularly higher educational institutions, with an 
eye toward simulation for policy making. 

The major problems with Markov chains center around the calculation and the application of 
the transitional probabilities. In the first place, since the transitional probabilities depend on 
individual data, it is very difficult to gather the data needed for application. Secondly, 
even if some data is available, it will probably be difficult to determine "the probability 
transition matrix with anv degree of accuracy because of the relatively short data chain 
(twenty entries at most)."^^ 

Even Johnstone and Phillip, who actually attempted to apply a Markov chain process to 
predicting enrollment, despaired of using that process.^ They found the necessity of 
holding transitional rates constant and the relative insensitivity to shifts in the transitional 
probabilities two severe limitations. To test the latter problem, they tried two runs with 
their model, one using the transitional probabilities which they first calculated, and one 
using deliberately absurd transitional probabilities. The difference between the two runs was 
not appreciable for a number of years. They also point out that there is absolutely no data 
which Lt^tually demonstrates that a Markov model has much to offer in solving the problems 
of enrollment forecasting. 

Therefore, at least for the present, Markov chains do not appear to offer any particular 
advantages for enrollment forecasting. There is no information which allows an estimate as 
to how expensive they mi^t be, but it is clear Uiat the necessity of calculating individual 
transitional probabilities would create difficulties in data collection. 
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School A review of enrollment forecasting approaches must recognize the pervasiveness of the 

Enumerations district census or enumeration. While varying in frequency and purpose from state to state, 

enumeration results are often used directly in making student forecasts, as well as being a 

source of data for specific projection techniques. 

If the survey collects information regarding preschool children by age, and intent to attend 
either private or public school, inferences can be made as to the number of future 
kindergarten and first grade students. By itself, a school enumeration fails as a forecasting 
technique, of course, because it doesn't address the question of migration - pre-school 
children that will move to or away from the district by the time they are of public school 
age. Some enumeration questions provide insight into community migratory trends by 
determining how long the family has lived in the district, and If and when It intends to move. 
This information will suggest trends but will not, without further analysis, contribute to 
quantitative forecasts. 

Three general enumeration techniques are most commonly used: (i) door-to-door (ii) mail, 
and (iii) school child take home. Each technique has advantages and disadvantages in terms 
of cost and effectiveness. While the most costly, the door-to-door enumeration is, in most 
cases, the most effective. A well organized door-to-door enumeration can be expected to 
have an eighty-five percent return rate from all households, including those with no children 
in the public school system. The major disadvantage is the cost of retaining workers to 
conduct the survey, and training and supervising this staff. This cost increases with the size 
of tha district. 

An alternative to the door-to-door technique involves enumeration by mail. While less costly, 
the technique usually has a much lower return rate, often only forty percent. It is generally 
not valid to assume that the remainder of the population possesses the same characteristics 
as those which responded; therefore, the return rate in most cases has to be increased 
through some follow-up telephone or home visit procedures. In addition, conducting an 
enumeration by mail depends upon the availability of an accurate listing of all households 
within the district. If such a list is available, the cost of a mail questionnaire will be quite 
low. However, where not available, the cost of developing such a list can be prohibitive. 

Of the three techniques, having school children take home the questionnaire is by far the 
least costly. It will also probably have a fairly high return rate. The problem with this 
technique is, of course, that only one segment of the district's population is covered. 
Households with children in non-public Gchools, with only pre-school children, etc., are not 
included. Again reservations with regard to basing assumptions on only a small sample of the 
population apply. 

In summary, the first enumeration approach would appear to be the most valuable as it 
provides the most accurate description of the entire population. However, it is the most 
costly. A planner must consider the trade-off between accuracy and cost. Enumeration 
results which reflect only part of the total population must be employed with a great deal of 
caution. Basing generalizations on such details could result in an equal or greater amount of 
error than generalizations made in the absence of any enumen tion data. 



3.3 The School The School Facility Planning System approach to enrollment forecasting is to offer four 

Facility alternative extrapolation methods, namely, the cohort survival, time series projection, ratio, 

Planning and dwelling unit multiplier techniques. Based on the assumption that not all users of the 

System System will have sufficient funds for a computer, or perhaps have the desire to use one. 

Approach procedures for carrying out these enrollment forecasting techniques are presented In both a 



manual and a computer version. An additional capability to utilize multiple regression Is 
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offered in the computer version. 



The approach is based on our findings that, in general, less complicated models requiring 
only the most readily available data have resulted in enrollment forecasting accuracy equal 
to or surpassing that of more sophisticated models. Four techniques are presented in 
recognition of the fact that some techniques will be better suited to one community than 
another. Our approach also reflects an unsatisfactory effort to develop and test a workable 
multiple regression technique. The concept of this model is described below. The software 
package developed to implement the technii|ue has been included as an optional capability 
(Appendix D - User's Handbook: Computer Version) for those users with the interest and 
data to pursue such an approach. 

School administrators and planners are encouraged to examine each of the techniques 
carefully to determine i^ose that may be appropriate in a school system. It is further 
suggested that several techniques be Utilized. Comparisons of several forecasts which have 
been independently derived using different techniques may provide valuable insights into 
future enrollment patterns. Quite similar forecasts would strengthen the basis for reliance on 
the enrollment figures generated. Very dis;;imilar forecasts may point to the source of the 
discrepancy and thus reduce the possiblity of relying on forecasts based on invalid 
assumptions. Each of the above forecasting techniques is summarized below. Potential users 
are referred to the two User's Handbooks. 

3.3.1 Cohort Survival The cohort survival technique is the most commonly used enrollment forecasting method. 

As noted in Section 3.2, it requires only historical enrollment data by grade, historical birth 
data, and birth projections, which are normally obtainable for an area at least as small as the 
county in which the specific school district is located. 

This forecasting technique involves the calculation of a series of "survival rates" which 
reflect the proportion of students in a given grade and year expected to progress or **survive" 
to the next higher grade in the succeeding school year. These rates are calculated using the 
following equation: 

where SR represents the survival rate from grades i to i+1, and Ey represents the 
enrollment in grade i in school year j. Generally, from three to five years of historical 
survival rates are computed. Average survival rates for each pair of consecutive grades are 
computed and applied to current enrollments to derive forecasts for each grade. These 
average survival rates may be further applied to subsequent years over the planning horizon 
so that enrollment forecasts may be generated as far into the future as desired. 

The use of the average previous survival rate in the generation of forecasts implicitly assumes 
that survival rates will remain unchanged into the future. Users are encouraged to calculate 
rates that assign most weight to recent years, using techniques such as that suggested by 
McNamara (see Section 3.2). Others may want to project future survival rates based on 
historical trends and judgment regarding the future. Any of the extrapolation techniques 
discussed below may be used to project future rates. These projected rates can then be used, 
albeit cautiously, in place of average historical rates. 

The System does not present a system for statistically calculating confidence intervals to be 
used in conjunction with the enrollment projections. As explained in the introduction to 
each handbook, there is little theoretical basis to expect that historical or current confidence 
limits will exist in the future. It appears more beneficial to concentrate on the basic shape 
and direction of the projection, and to v?onsider the Impact of alternative assumptions. 
Moreover, discussion with agencies that have experimented with the use of confidence bands 
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revealed that they were not especially popular because of the additional required effort, and 
the tendancy to disregard them. 

A frequently used method of projecting total enrollment is simply to extrapolate the total 
enrollment trend which has been exhibited in the past. This may be done by statistically 
estimating the curve which appears to fit best historical observations. As concluded by 
Webster, and again Wasik, when used in conjunction with sound professional judgment, this 
technique represents a useful forecasting tool. 

This technique requires that the user specify the general shape of the curve which is felt 
most likely to reflect the expected enrolment trend over the chosen planning period. This 
may be done by selecting a curve from among several linear and non-linear alternatives. The 
selection of a particular type of curve is more important in obtaining an accurate enrollment 
forecast than is the statistical estimation of that curve. For this reason the user must 
consider all potentially important factors prior to making this selection. Such factors would 
include expected birth rates, migration retentions, dropouts, deaths, public versus private 
school preferences, and future housing patterns. Although not explicitly considered, 
expectations regarding all these factors will influence future patterns of enrollment growth 
or decline and should be subjectively examined before specifying a particular curve type. 

Once a specific curve has been chosen, the historical total enrollment data may be regressed 
against time to estimate statistically the exact configuration of this curve. The curve which 
has been thus fitted to the historical observations can then be used to derive future 
enrollment estimates. The only data required is historical total enrollment figures, and in 
some cases (depending on the type of curve chosen), an ultimate maximum or minimum 
level of total enrollment, the specification of which will again ^^quirc careful judgment. 

Since several of the curves are non-linear various data transformations may be necessary. 
These transformations will depend on the nature of the curve type which has been chosen. 

Two fundamental parts are involvod in the generation of enrollment forecasts using simple 
linear regression: 1) The selection of a curve which is thought to be the most reflective of 
the future trend in enrollments, and 2) the actual computations involved in the statistical 
estimation of future enrollments. Linear and logistics curves are presented in the manual 
version. In addition to these, exponential and Gompertz curves may be used in the computer 
version. 

Prior to the selection of a particular curve, the user is instructed to graph the historical 
enrollment data. This will assist in the selection process by allowing a visual analysis of 
previous enrollment patterns. The least complicated enrollment pattern is one in which there 
is a constant rate of absolute change in enrollment. The graph of this phenomenon is a 
straight line. 

If past enrollment trends do in fact exhibit straight line growth or decline, and if this pattern 
is expected to continue over the chosen planning horizon, then a simple linear relationship 
may be the appropriate projection curve to use. 

A least squares fit of Y-ot+Bt» where Y-total enrollment and t-time, is then generated 
manually or by the computer. Future enrollments are projected from the resulting formula. 

The user is cautioned, however, that the use of a straight line curve implies that the absolute 
rate of growth or decline will continue owr the entire planning period. This may be a valid 
assumption, particularly where the rate of change is gradual or where the planning period is 
relatively short. However, in a schooi system with fixed geographic boundaries, enrollments 
are unlikely to increase or decrease without bounds. The straight line curve may, therefore, 
be appropriate in cases where expected growth over the chosen planning horizon does not 
approach the estimated up^per limit of growth, or where the expected decline does not 
approach the expected '.nowct VmiL 

It is expected that gro^wth or d:::tine limits are to be approached during the planning period 
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and/or if non-linear enrollment change is anticipated, the usev may choose any of the 
following non-linear curves: 

1. Exponential curve_. The exponential curve would be used when there has been a 
constant percentage change in the rate of growth or decline of enrollment in the past 
and this trend is expected to continue over the planning period. A least squares fit is 
generated for the equation Y" cX.^^ The resulting formula is available to project 
enrollments in the computer version of the System. 

2. Modified exponential curve . The nfiOdified exponential curve is simUar to the 
exponential curve in concept and shape. This curve, however, will eventually reach a 
maximum or minimum. A least squares fit of Y"^+B^^ is made where c is determined 
by first differences and x and B are determined by linear least squares. It is available 
just in the computer version. 

3. Modified exponential curve with asymptote . This curve has the same general shape and 
formulation as the modified exponential curve. This curve type would be used when 
the user wishes to specify the maximum (minimum) value that the dependent variable 
can "have. 

4. Logistics curve. The logistics curve usually assumes an "S" shape. It is based on two 
assumptions: there is an upper limit to the variable being projected and the rate of 
change in that variable decreases in direct proportion to that upper bound. A least 
squares fit is generated for the equation o^+B*^. Logistics curves are available for 
growth and decline situations in both the computer and the manual handbooks. 

5. Logistics curve with asymptote. This curve has the same general shape as the logistics 
curve. It should be used when the user wishes to specify the maximum (minimum) 
value that the dependent variable can have. The transformation of the basic logistics 
equation in the manual version is as follows for a growth situation: 

Y - K / l + e^'*"^*' 

K/Y - 1+e^^^^ 

K/Y-1 - e^*^^^ 
!n[(K/Y)-l] - (a + bt)lne 

In (K/Y-1) - a + bt 

where: 

K is the anticipated maximum enrollment lin'it 
Y is enrollment and 
t is time. 

Note that the Beta coefficient is less than z^ero; therefore, as time approaches infinity, the 
quantity K/Y4 will approach zero. In the loj^istics decline situation, the same formula is used 
but it is shifted down by an amount M. In this situation the upper limit achieved by the 
historical data (which is known) is K-M, aiid the lower unit (which is estimated and supplied 
by the user) is 0. The equation then becomes: 

In C ((K-M) / (Y-M)) -1] - a + bt 

where: 

M is the anticipated minimum enrollment limit and all other terms are the same. Note that in 
the decline situation the Beta coefficient is greater than zero, and the quantity K-M/Y«M 
approaches an infinitely large number over time, while Y approaches M. 
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6. Gompertz curve. The Gompertz curve is a speciaJ case of the general logistics curve. 
The rate of growth (decline) for this cuj*ve declines by a constant percentage each year; 
whereas the change in the regular Ic^isti^s curve is in direct proportion to the limit. The 
equation for this curve is as follows: lO}' Y-a+B^^ It is available only in the computer 
version. 

Gompertz curve with asymptote . This curve has the same shape and formulation as the 
Gompertz curve and should be ust-d when the user desires to specify the maximum 
(minimum) value the dependent variable can take. 

In addition to extrapolating enrollment trends, these curves may be used for projection of 
survival rates in the cohort survival projecting technique, projections of ratios in the ratio 
technique, and for projections of dwelling unit multipliers. They are also usefuS in 
forecasting selected fiscal variables such as assessed valuation or average salaries and benefits. 

Another alternative enrollment forecasting technique is the ratio method. In it the forecasts 
of local school system enrollments are based upon projections of the population or 
enrollment for some larger geographic area. This larger area may consist of the county. 
Standard Metropolitan Statistical Area (SMSA), or even the state which contains the local 
school system and for which there are reliable population or enrollment forecasts available. 
It is assuined in the manual version that the relationship between school system enrollments 
and the population (or enrollment) of the larger area will remain constant, or that it will 
continue to change at the same rate as it has in the past. The computer veision provides 
more flexibility in choosing the rate of change in the ratio of school system enrollments to 
the population (or enrollment) of the larger area. This greater flexibility is achieved through 
the use of non-linear extrapolation curves in addition to linear curves in the projection of the 
ratio. 

The ratio method initially involves the calculation of the historical 'ratio' between local 
school system enrollment and the population (or enrollment) of the larger area. A typical 
ratio would be computed as follows: 

- L^/A^ 

where R^. is the ratio in time period t, is the enrollment level in the local school system 
in year t, and A^ is the population (or enrollment) of the larger area, also in the year t. 

Based upon historical values, this ratio may then be projected into the future. If no trend is 
discernable from the historical values of the ratios, then the average of these past ratios may 
be used as the forecast value of this variaole. If, however, some trend is exhibited, it may be 
extrapolated into the future using professional judgment or a projection technique wherein 
the values of the ratio are regressed against time. The straight line extrapolation technique 
should be used Dnly where the ratio changes gradually, and should be confined to a planning 
horizon which ir:cludes only those years in which the ratio does not become absurdly large 
or small. 

If the ratio does not appear to be constant or changing at a constant rate, a non-linear curve 
might be used. In this case a graph of historical ratios would be examined to determine the 
appropriateness of a modified exponential, logistics, or Gompertz curve. The dangers of 
using non-linear curves without carefully prescribed limits are emphasized. 

The data requirements are the same for both the manual and the computer version of ths 
ratio technique. Historical enrollment figures for the school system for which the projections 
are being made must be available, as must historical enrollment or population figures for the 
larger area, and enrollment or population projections for the larger area. 

Prior to the execution of the ratio technique procedures, a decision must be made regarding 
the selection of an appropriate larger area, and a suitable measure of trends within this area. 
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If both historical data and acceptable forecasts jire available for the public school enrollment 
for the larger area, this measure will probably be the most effective variable to use as a 
measure of trends in the larger area. However, reliable forecasts of population are more 
likely to be available. This measure may also be used. The principal criterion for the 
selection of a larger area is the reliability of available independent forecasts. In general, the 
smallest area containing the local school system for which valid forecasts are available should 
be used. This generalization is based upon the assumption that conditions in a local school 
system are likely to be more reflective of conditions in a smaller area, such as the city or 
county in which the school system is located, than of conditions in a larger area, such as the 
entire SMSA or the state. If this is the case, then school system enrollments would be more 
clearly responsive to changed conditions in the smaller area. 

Once the data is assembled, the forecast rat:os rnay he applied to an available forecast of the 
larger area population to derive local estimated enrollments for any year over the chosen 
planning period. 

3.3.4 Dwelling The dwelling unit multiplier technique has been identified in Section 3.2 as a useful 

Unit alternative to the three forecasting '.ochniques presented earlier. It is particularly applicable 

Multiplier to rapidly growing school systems where a relatively large portion of the increase in 

Ttchnique enrollment has been (and is expected to be) attributable to residential development. This 

technique requires more extensive data than do the other techniques and thus may not be 
feasible for some school systems. Historical data is required as to the number of dwelling 
units (by type of unit if possible) and the yield factor applicable to these dwelling units (i.e., 
the average number of public school children in each dwelling unit, by dwelling unit type if 
possible). Where this data is available or obtainable, the dwelling unit multiplier method may 
represent a valid enrollment forecasting technique. 

The School Facility Planning System presents a set of procedures for implementing the 
dwelling unit multiplier technique. Ideally they should bo executed for each type of dwelling 
unit within the school district's boundaries (e.g., single family residences, apartments, 
duplexes, etc.). However, data pertaining to the number of each type of unit, and 
particularly the number of students residing in each dwelling type, may require more 
collection effort than is feasible. It is, therefore, possible to perform the procedures with all 
dwelling unit types grouped together. Nevertheless analysis by as fine a breakdown of these 
dwelling unit types as possible is recommenced to enhance the validity of the resulting 
forecasts. 

Throe basic procedures are involved in the estimation of future enrollment levels using the 
dwelling unit multiplier technique. The fi**st is the calculation of historical yields for each 
typo of dwelling unit which is explicitly examined. Whore data is already available for those 
yield factors, this initial procedure may be omitted. However, in instances where the past 
values of these yields are not known, a random sample of the total enrollment can be 
selected for each of the years included in tfto historical observation time span. The type of 
residence of each of the students in this sample is then determined. On the basis of the 
results of the sample, an estimate can be made of the number of students who have resided 
in each typo of dwelling unit. 

The next step is to forecast the number of dwelling units of each type which is likely to exist 
in each year over the planning period. A logistics curve may bo fitted to historical data 
regarding the number of dwelling units of a particular typo in order to derive estimates of 
future dwelling units of this type. 

The yield factor must then be forecast. If no trend is discernible from the historical values 
for the yield factor, the average of those past yields may be used as the forecast value. If, 
however, some trend is exhibited, a method is included to extrapolate this trend into the 
future. Past yield factors may be regressed against time in order to forecast the yield for each 
type of dwelling unit. 

Once forecasts have been generated for future yields, they may be applied to the forecast 
dwelling unit levels to derive estimates of future total enrollment levels for each year up to 
the planning horizon* 
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3.3.5 Multiple After the current procedures survey (Phase 2 of the project), It was believed that a new 

Regression technique might be designed for long-range projections. The existing techniques were 

Approaches recognized to rely heavily on intra-school district data which often merely reflected various 

features of the enrollments themselves (such as dropout rates, retention rates, cohort survival 
measures, etc), thereby limiting the usefulness of such techniques for long-range forecasting 
purposes. An attempt vras made to develop a technique which would incorporate several 
more fundamental socio-economic factors affecting future enrollment levels. 

Three basic effects were identified which were thought to impact overall future enrollment 
trends. Enrollments were recognized to be a function of the absolute size of the district in 
terms of the number of households (or dwelling units), the age composition of the 
population, and the birth rate. A change in any of these factors was identified as having a 
substantial impact on future enrollment levels; hence these three effects were to form the 
basis of the model. The immediate question was how these effects could be measured 
historically and how they could be forecast. The paucity of available data was recognized as 
a problem which was compounded by the nature of school district boundaries that are 
infrequently contiguous with the boundaries of other jurisdictions. Therefore an effort was 
made to develop a model which would require only data that is readily available or which 
requires a modest collection effort. 

Ihe unlikelihood of obtaining even historic data that would directly measure the three factors 
was recognized. Emphasis was therefore placed on identifying sunogate variables for which 
historical data was readily available and for which relatively valid independent forecasts 
might be generated. The model would require that at least one surrogate measure be 
included to reflect each of the three above identified phenomena. Experimentation was 
conducted with building permits and electrical hookups as a proxy for the absolute number 
of households; with student age and mean grade as a proxy for school district age 
composition; and with national and state birth rates as a proxy for local birth rates. 

The multiple regiession approach was not successful, primarily because of problems 
associated with data. Satisfactory surrogate variables were not developed (e.g., attempts to 
use mean grade as a proxy for mean age were gradually recognized as invalid), and the 
difficulty of obtaining reliable independent variable projections was not overcome. 

The capability of building multiple regression models was developed, however, and is 
included in both the basic support system and a separate program (Appendix D - Statistical 
Analysis System). Users are encouraged to experiment with these computer packages in 
order to develop a multiple regression oriented model that works. 

Each package allows consideration of up to six independent variables. The Statistical 
Analysis System incorporates a distributed lag, artificial orthogonalization and 
autoregressive least squares routine in order to reduce problems of multicolinoarity and serial 
correlation. It incorporates algorithms developed by B.T. McCallum and Shiriev 
Almon.^^'^^ 

The logical sequence of this program is outlined as follows: 

1. Each variable (dependent and independent) is converted to natural logarithmic form. 

2. A set of q points Xj are chosen in the interval [ 0, n ] , where q + 1 is the degree of the 

polynomial to be used for the distributed lag estimation, and n is the number of lagged 

periods to be considered. In addition to the q points x. , x^ is set equal to -1.0 and 

+ 1 s^*^ ^^"^ ^ The q points X| are (in fact^ distributed equally along the 
interval [-1, n] . 

3. Lagrangian interpolation coefficients (i) are calculated as: 



(Xj-x^) (x..Xl)....(x..x.M)....(x..Xq^^^) 
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for j - l,.-,q and i - 0,...,n-l 



4. A set of q artificial variables A| are calculat4?d as: 

n-1 

i-0 

where t represents the time period and where x is the distributed lag variable. 

5. A composite matrix X* is constructod as X;A where X is the matrix of regular 
independent variables and A is the niatrix of artificial variables which have been 
calculated in Steps 24. Thus X* is a T x (k+q) matrix where T is the number of 
observations for each variable and k is the number of regular variables.. 

6. Each variable in X'^ is standardized by 

5x> 

where X*| is the ith variable in the X^ matrix, and where X*j and ^X|*are the mean 
and standard deviation of this variable. 

7. The correlation matrix R is computed as 



R - X*^ X* 

8. The eigenvalues and eigenvectors of this R matrix are computed. 

9. A ni.itrix W is formed, where each column of W is an eigenvector. The first column of 
W contains the eigenvector which corresponds to the largest eigenvalue; the second 
column of W contains the eigenvector which corresponds to the second largest 
eigenvalue, and so on. 

10. A matrix of principal components Z is computed as 



Z - WX* 

11. Z is regressed on the dependent variable y by 



^ - (Z' Z)'l z' y 

where o« is a vector of estimated regression coefficients which are applicable to the 
principal components. 

12. The o^j coefficients are transformed into Bj coefficients which are applicable to the 
variables in X*. This is accomplished by substituting a column of zeros for certain 
columns in the W matrix. The columns in W for which such substitution is made are 
done according to the value of j/(k q) where X,: is the eigenvalue corresponding 
to the jth column in the W matrix. The number of columns deleted, d, is determined 
arbitrarily by 
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(k +q) -n 

A 

The B vector is thus computed as 

A A 

B - W*o^ 

where W* is the W matrix after n columns have been changed to contain all zeros. 

13. The unstandardized values of B are computed as 

A A ^ 

B*j - Bj / 6 X. 

14. The distributed lag weights are then computed as 

A 3 

w(i) - ;^ (j> (i) B* 
j-i 

Yfor J - k + 1, k + 2, k + qinB*^! 

15. The estimating equation is thus 

yt - B*Q+B*i X^^B*2 X2+...+ B*^ 

n-1 A 
+ ^ W (i) X (k + 1) 

i-0 t - i 

3.3.6 EnroUment Several procedures have been presented which may be used to forecast the total school 

Forecasts district enrollment level in each year over the planning period. Total enrollment estimates 

by Grade, should provide useful information about the general magnitude of future facility needs. The 

Area, and Race specific nature of these needs, however, oiay vary according to the distribution of the total 
enrollment among the different grades )ncluded in the school system. The School Facility 
Planning System, therefore, provides a methodology whereby enrollments may be forecast 
for each grade level. 

Users who have generated the total enrollment forecast by employing the cohort* survival 
technique will, of course, already have estimates for each grade. If, however, the time trend 
projection, the ratio, or the dwelling unit multiplier methods were used, or if some 
alternative method was used which did not encompass specific grade-by-grade estimates, 
total enrollments must be allocated to the various grade levels. 

The method used for deriving enrollment forecasts for each grade is the cohort survival 
technique. 

However, because it is assumed that the estimated total enrollment level for any particular 
year is more accurate than an estimate .for a particular grade in the same year, an adjustment 
IS made. The grade specific estimates are adjusted according to the magnitude of the cohort 
survival total estimate relative to the toUl enrollment estimate derived from some alternative 
procedure. The latter value acU as a control total for each year over the planning period. 
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The adjustment factor is calculated for each year as follows: 



where a^ is the adjustment factor for year t of the planning period, is the total 
enrollment forecast serving as the control total, and is the total enrollment forecast 
derived using the cohort survival technique. The estimates of enrollment in each grade which 
have been generated using the cohort survival technique are then multiplied by the 
adjustment factor to derive the estimates by grade. 

The same general approach of adjusting to a control total is recommended for making 
enrollment projections by sub-geographic areas within the district or by race. Projections of 
student distribution within the district are necessary to conduct the attendance boundary or 
site selection activity described in Chapter 6, Procedures are recommended for making 
independent projections for several large regions in the district and then adjusting to the 
district-wide total. Each regional projection is then allocated to smaller areas or grids on the 
basis of dwelling unit distribution. Projections by race may be made by any of the previously 
described techniques, providing, of course, that historical minority enrollment data can be 
assembled. 



A necessary result of the logic of prediction was articulated by Hajmal over twenty years 
ago: 

The consumer of forecasts does not realize that, so far as predictive accuracy is 
concerned, much of the elaborate technique of forecasters is expended in vain; 
crude methods could have achieved equally good results. However, much as we 
improve our tools to take care of all that happened in the past, something will 
sooner or later crop up for which we are unprepared. 

Predictions are based either on what happened in the past or on arbitrary assumptions. Since 
there is no guarantee that what happened in the past will be any guide to the future, and no 
guarantee that one arbitrary assumption will be better than any other arbitrary assumption, 
there will always be great uncertainties. As Braden et al. comment: " ,.,large differences 
between forecasts and subsequent actual enrollment are more often related to changing local 
trends and conditions than to specific methods applied more often a function of the 
'clairvoyance' of the planner than his technical prowess," 

These problems are inherent in any forecasting method. They call into question the utility of 
expending substantial money and time on developing ever more sophisticated forecasting 
models unless there is some indication of payoffs that will make such outputs worthwhile. 
Such indications, if they are to come, will take one or both of two forms: 1) Comparisons 
between (or among) methods; further development of abstract models, with no evidence 
that they work any better than other existing models, hardly seems worth the effort; and 
2) case studies of the actual application of such models. Until such models are applied and 
the users relatively satisfied, it is hard to determine whether a technique has practical 
application. Only actual experience with a model will determine whether school districts are 
going to be able-let alone likely-to use it; or whether the time and data demands which the 
model makes on the school system are too great for the anticipated return. 

Further "practical" as well as technical research is in order. It would focus on the 
development criteria for future models. One obvious question which could be subjected to 
this kind of research is: "What are the acceptable margins of error to the school 
administrator?" Obviously, any administrator would rather have better estimates than worse 
estimates. But at some point, when evaluated in terms of the practical alternatives open to a 
school administrator, further sophistication in forecasting methods becomes an exercise in 
technical virtuosity rather than anything related to the quality of educational planning. 



Continuing in this line of thinking, one must also remember that in America educationni 
decisions are, at best, political matters rather than technical matters. No increase in ihv 
accuracy of a forecasting model is necessarily going to make it any easier to get a bond Iksm,. 
passed. In fact, one might go so far as to argue the opposite: as forecasting models incrc;r 
in sophistication, it will be* harder to convince voters of their usefulness. Especlallv in 
periods of declining enrollments it is naive to assume that school closings are going to hv 
based solely on technical considerations. 

Whatever method is chosen to make predictions, the forecaster must use a substantial 
amount of common sense: forecasters must be familiar with the community and determine 
any demographic or physical changes which would call into question projections derived 
from historical patterns. The School Facility Planning System has stressed the importance of 
judgment and Hexibility so that school planners will adjust the results of the technical 
procedures if those results do not seem consonant with what the local planners know about 
their community 
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Chapter 4: Facility 

Analysis 

Onre public school enrollments have been projected, the task of the school planner Is to 
translate this projection into physical space requirements. The procedures fordoing this can 
be very simple or complex. For example, expected enrollments may simply be divided by 
the desired class size to determine the number of required teaching stations for an 
elemenUry school. Alternatively, the amount of time each Ftudent attends school may be 
divided by the possible attendance time; multiplied by the expected enrollment; divided by a 
utilization rale, and finally divided by an average class size to determine the number of 
teaching stations needed for a secondary school. 

Either of these approaches involves expressing the school district's educational programs in 
terms of standards and policies which relate enrollment to physical space. These sUndards 
and policies are then applied to the projected enrollment levels to determine the needed 
T*^' .l"?^. existing and planned teaching stations are determined by an inventory 
of availability and adequacy. The number of existing, adequate teaching stations may be 
compared to the expected number of required teaching stations in order to identify any 
potential surplus or deficit of space over the planning period 



4.1 



The Problem 



The process described above is relatively straightforward. The school planner is. however 
faced with a number of quesUons which must be answered before the process can begin.' 
First, is the level of detail at which the study is to be conducted. Is the aim of the study to 
ascertain a gross measure of space needs on a district-wide basis, to examine facility needs at 
the elementary or secondary levels independently, or is it to detem.ine the projected surplus 
or deficit of space for specific kinds of subjecte In special schools? The answers to these 
questions will determine the type, amount, and detail of data to be collected. This will in 
turn have an mfiuencc on the length and complexity of the planning process 
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Once the project's focus has been determined, the planner must translate the district's 
educational program into a specific set of standards. The proposed number of students per 
teaching station or the number of square feet per student will be a significant determinant of 
the projected deficit or surplus of educational space. If the standards established at the start 
of the project are not considered valid for the entire planning period, they must be modified 
in subsequent years. For example, a shift in the district's educational philosophy could place 
greater emphasis on vocational rather than academic subjects, thereby changing the needed 
facility configuration. In establishing standards and policies, the planner must be aware of 
potential changes and, if possible, incorporate them into the planning process. As the 
planning horizon is expanded, the difficulty of choosing appropriate standards increases. 

To determine the amount of space in existing school buildings, the issue of adequacy must 
be addressed. Those teaching stations which are included In the available supply must be 
adequate in terms of size, auxiliary facilities, acoustics, etc. The question of adequacy is even 
more important when conducting a detailed analysis at the secondary level. As the 
educational programs change, some teaching stations may no longer bo ndoquato (e,g., 
academic space may not be readily adaptable for vocational projirama). The ago of the 
building must be taken Into account to determine whether teaching Rtntlons will bo of 
accrplablp quality throughout the planning period, A utilization factor may also be 
employed. Many districts prefer that not all teaching stations bo scheduled for every period 
in the day. The utilization factor can be used to temper the available space with the rate at 
which they should actually be occupied for teaching purposes In any given day 

At this point in the process, the standards are applied to the expected enrollment levels to 
determine the amount of space needed. Required space is then compared to the available 
space to determine the expected surplus or deficit of space. The facility planner must make 
recommendations based on those findings. These recommendations can include "structural" 
(e.g., building a now school) and "non-structural" (e.g., modifying the educational standards 
or programs) solutions. The planner must also consider how the recommendations can be 
implemented. If the conclusion is to expand or contract the physical space, the proposed 
type, size, and general location must be examined. If the decision is to modify the use of 
existing space, the courses, schools, and/or standards to be affected should be specified. 

The problems of the facility planner center around the selection of standards and policies 
which accurately express the school district's educational programs. Quantifying the 
district's philosophy will significantly infiuence the results of subsequent calculations. In 
turn, the conclusions reached by the planner will influence future educational programs 
throughout the district. 



4.2 State of 



School administrators have been addressing the probi'em oif determining facility demand 
^-^^ sinc( the one-room school could no longer house incre-ising enrollments. As the number of 

students in an area grew, determining the size and anangment of school buildings became a 
problem. The first answers to this problem focused on one room per grnde in the elementary 
school and one room per subject area in the secondary schools. Solutions then, as now, wore 
tempered by initial construction costs and subsequent operating costs. Techniques for 
analyzing school facility needs have slowly evolved from these very subjective approaches to 
more rigorous calculations. The following section summarizes this development. 

Among the first tools used by school administrators to determine facility need was the 
school survey. Surveys have taken many forms. Depending on the specific needs of the 
school district, the survey has been used to 1) determine community desires regarding future 
educational program changes, 2) categorize existing facilities in terms of adequacy and need, 
and 3) enumerate various population characteristics. The data collected in these surveys is 
typically aggregated, analyzed, and used to modify existing educational policies or as the 
basis for a proposed building program. Advances subsequent to the initial school surveys can 
be examined in terms of two broad categories: techniques for calculating the demand '"'^r 
space and techniques for evaluating the supply of space. 
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4.2.1 Calculating 
the Demand 
for Space 



Early attempts to quantify the demand for school space tended to be subjective, and in some 
cases used only when they could be reconciled with certain preconceived ideas. More 
recently, efforts have been made to redefine the procedures for determining facility needs 
into more precise mathematical formulae. These formulae have been devised to minimize the 
role of subjective opinions. Several of the more commonly accepted formulations Include 
work done by Marion Ck)nrad, Basil Castaldi, and the Dallas, Texas Independent Sdiool 
District. The first methodology was developed In 1952 by Professor Marion J. Conrad of 
Ohio State University, His approach determines the capacities of existing schools through 
the use of the following expression: 



BC - the building capacity which is the number of students that can be accommodated 

by existing facilities in a given subject area, 

TS - the total number of teaching stations in a given subject area, 

DS - the desirable average class size for the particular subject area, 

T - the total number of effective periods of instruction per week in the schedule of 

classes, 

E - the average total school enrollment for a given period of time, 

PP - the average toUl number of pupil periods of instruction per week in the schedule 

of classes. 

Conrad's approach is based on the assumption that "capacity is integrally related to the 
educational program and policies of each school system."^This premise would certainly 
seem to be sound. 

A potential difficulty with this approach is that the units derived in the intermediate steps of 
the procedure are quite complex and thus may have little intuitive appeal. Values which are 
very large relative to the basic input values are likely to result. The appropriate definition of 
these large values may confuse the rationale upon which the procedure is based. A more 
detailed break-out of certain variables in the equation might faciliUte more complete 
understanding of this rationale on the part of the user, 

Conrad dismisses the need for explicit consideration of the desired utilization rate and 
assumes that this factor is implicitly incorporated into the formula. He assumes, in effect, 
that all teaching stations may be used for instruction during every period of the school week. 
Because this is obviously not always the case, an adjustment process is necessary. While such 
a process is described by Conrad, it would appear that the adjustments implied may be 
somewhat arbitrary in nature. The inclusion of a user specified adjustment capability in the 
form of a desired utilization rate would seem more useful. It would allow for a more 
accurate reflection of potential discrepancies between various school systems. 

An alternative approach tor calculating space demands was developed by Professor Basil 
Castaldi during the IQeO's.** This approach is based upon the following relationship: 



where 

TS - required number of teaching stations, 

E - number of students enrolled in a ^ven class, 

C - desired class size, 

n - number of periods per week pupil attends a given class, 
N - number of periods in the school week. 



BC - 



TS X DS X T X E 
PP 



where 



TS - 1.25 
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The Castaldi formula again is based on the translation of the educational program into a set 
of standards to be used in the formula. An advantage of this formulation is that each 
element may be readily interpreted. The number of classes needed for a given subject iSQ . 
The ratio of total periods which must be devoted to this class isjlj . The multiplication of 
these two numbers yields the number of teaching stations needed. S:nce all classrooms are 
rarely available for teaching purposes during all periods of day, the number of teaching 
stations is multiplied by a utilization factor (1.25) to deferm.ne the actual number of 
teaching stations needed. The standardization of the utilizaticTx fa<./.or in the Castaldi model 
may present a problem in that this factor varies frni one !ncai ducatlonal authority to 
another, depending on the educational program and thy physical juxtaposition of the 
teaching stations. A more appropriate approach might he ^^'^OW this value to vary, and to 
be specified by the user to reflect the desired level of flexibility. The Castaldi approach also 
fails to explicitly consider procedures for determining the future enrollment per subject area. 
It can obviously vary as a function of total school enrollment and/or preferences and 
requirements to participate in a given subject area. 

A third formulation of the facility need problem is presented in the EnroMment and 
Facili^es Projection Program developed by the Dallas Independent School D'strict in 
1975. The approach used here may be summarized as follows: 

R-TxU 

where 

R " rooms needed for a given subject, 
T - teachers required for a given subject. 
U - utilization factor 

and 

T-Ex^ 
C 



where 

T teachers required for a given subject, 

E « total enrollment for the school, 

F - fraction of students taking a given subject, 

C - average number of pupils in a given subject that a teacher meets on an average day. 

The Dallas model is a computerized technique for generating estimates of future facility 
needs in terms of both the required number of teaching stations and the required number of 
teachers. The actual inputs to the technique are more detailed than those indicated by the 
above equation. In some respects the mechanics of the procedures are similar to those 
outlined by Conrad. The difficulty encountered in the interpretation of the intermediate 
variable calculations may, therefore, still be present, but it is less constraining when these 
intermediate calculations are done internally by the computer. 

The Dallas Simu-School model is a highly structured approach. The extent to which this 
rigid structure can be easily transferred to other school districts with their own unique 
features and computer system is as yet unclear. 

Evaluating Discussion thus far has concentrated on techniques for calculating future facility demand, 

the Supply The supply of facilities must also be addressed in the formulation of a valid facility plan. A 

of Space critical aspect of this analysis is the adequacy of the facilities. Adequacy can be measured 

with respect to state requirements, the requirements of the overall educational program, and 

the needs of an individual subject area. 

Many systems have been devised for rating the educational adequacy of existing school 
facilities. A typical system was developed by McLeary in his Guide for Evaluating School 
Buildings . Like many it used the concept of a penalty system. A perfect score is assumed 
initially. When a particular item does not meet accepted standards, a penalty is assigned and 
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4.3 



School 

Facility 

Planning 

System 

Approach 



■ ^'TJ^^ evaluation is divided into he following general 

areas, site, buildings, service systems, classrooms, and special rooms. Each category is 
assigned a maximum possible score which, when combined, equals l,OOO.The completion of 
kPPnil J wi!r'^ I' "u' "."""^"^ '° determine the adequacy of existing teaching stations. In 
Keeping with most school survey procedures, McLeary's guide increases the probability of a 
comprehensive valuation but does not eliminate the opportunity for subjective judgements. 

iln™'"""'/".""''^ constructing a methodology to determine school building 
n^HT ""c McGuffey as part of the Chicago component of 

project S.mu School.*' The areas of evaluation used in this approach are: plant performance, 
utilization efficiency, school plant effectiveness, user perceptions, and economic feasibility, 
the plant performance component is of most direct use in determining the adequacy of 
claarooms for instructional purposes. The evaluation method consists of a set of 
ZlTuT " H ""^f- '''^^ superior, adequate, marginal. 

Idpnl^r r" ^ """""^i '^^'"e 'eve' °f each room determines its relative 

adequacy for instructional use. 

l!llrJZ'^T'fT''^''^''^°''' ""'ers which are currently available, are 

satisfactory tools for evaluating the adequacy of existing educational space The ultimate 

shol bn •■ r ^''"""^ =^"Pted as complete, but 

oSnH^n ?K ""e ^" '"'«^' evaluation procedure. The findings of such an 

evaluation must be mod.f.ed according to the unique characteristics of each school district 

rss'imiirto'th"o^ H ^^'^""y P'^""'"g System is not 
dissimilar to those models which have been discussed earlier. It represents an attempt to 
ynthesize certain of the desirable features of each. The manual and compute! veZns of 
the systems have slightly different formulations, but no substantive difference 

The approach converts the e.xpected student enrollment into a measure of the effective 
oT stul°ntflT""'rK- enrollment is c pressed in terms of the average number 

week Thp . ^"""'"'Odated at any given point in time during a typical school 

^hLf^r '°""P' »'ec°";es especially important when the analysis is to be conducted at a 

nto a mn?J" ^1^' '''' ''''''''''' 'evel is then translated 

L ^hinrrr ™' '^^^'^"on ^^ay be done in terms of the number of 

teaching stations which will be needed, or the amount of square footage which will be 
required, or both. Finally, the chosen measure(s) of facilit? need is compa^^^d to th^ 
corn.spondmg measure(s) of e.xisting facilities in order to identify the natur^Tmagn^tude 
of any potential shortage or surplus of educational space. 

The technique used to translate the projected absolute number of students expected to be 

^Theloirowin'/ "T"" ^"''f ^ accommodated at any point in time is summarized 
oy the lollowing mathematical expression: 



^ij 



^ ^ij °ij 



r U:- 



where 

E: 
P 



-the effective enrollment level (i.e., the number of students expected to be 
inysicaiiy m attendance at any givon point in time during a typical school week) 
Nj - the total number of students enrolled, 

A|j - the average number of courses taken by each of the students 

sTjloo'wek''"^^ """""^ """^ ''""^^"^ ^"^""^^ ^ ^P^^' 

Pjj - the number of periods per day in which classes are hold, 
Djj - the number of days per week on which classes are hold, 

3^ " uf^i maximum utilization rate (i.e., the average percent of educational 
space which Is to be occupied at any given point in time during a typical school day) 
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The subscripts i and j associated with the variables refer to the school and subject area (or 
educational space type) being examined, respectively. For example, E-j is read as the 
effectii'e enrollment in school i for subject area j. 

The level of analysis can be varied depending upon the needs of each school district. The 
user who wishes to examine each school individually would simply interpret each of the 
variables in the above equation as applying to a particular school. Those who wish to 
conduct the analysis for the district as a whole would ignore the subscript i and treat each 
variable as being applicable to the entire school system. Similarly, the option of computing 
the expected effective enrollments for individual subject areas (or educational space types) is 
available. Some districts may want to consider all academic courses individually, others will 
want to separate those requiring **regular" versus **large" classrooms, and still others will be 
content to lump them all together. 

The next step in this process is to translate the effective enrollment level into some physical 
measure(s) of the required educational space. Each district has the option to measure the 
space in terms of the required number of teaching stations (as defined by the user) or the 
number of square feet (also user defined), or both. In the case of teaching stations, the 
effective enrollment is divided by the desired maximum number of students per teaching 
station as in the following equation: 



RTS,. » E,. - 



where 



RTSjj - the required numbor of teaching stations, 
E|j - the effective enrollment level, 

Tjj - the desired maximum number of students per teaching station. 

This result may be translated into square feet by simply multiplying the number of teaching 
stations in each space category times the average square feet per category. For those districts 
that wish to directly compare a square footage measure of future facility needs (i.e., without 
first considering teaching stations) the effective enrollment would be multiplied by the 
desired minimum number of square feet per student as in the following equation: 

RSFij - X F,. 

where 

RSFjj - the required amount of square footage, 
Ejj • the effective enrollment level, 

Fjj - the desired minimum number of square feet per student. 

The final step in the Facility Component involves a comparison of the required facilities to 
the existing school space. This comparison identifies any gap between estimated future 
facility needs and the existing facilities. Calculation of the space surplus or deficit will 
necessitate that the required and existing facilities be measured in the same units. Either of 
the following equations may be used: 



CDjj - RTSjj - ETSjj 

where 

CDjj - the capacity differential (surplus or deficit), 
RTojj - the required teaching stations, 
ETSjj - the existing teaching stations 



47 



or 



CDjj - RSF.. - ESFjj 

where 

CDy - the capacity differential (surplus or deficit), 
RSFjj - the required amount of square footage, 
ESFjj - the existing amount of square foctage. 

A number of user decisions must bo made to carrj' out the facility analysis described above. 
The first decision is the appropriate time horizon The component is not dependent on any 
specified time interval. It can bo used equally as well for a five-year or twenty.year planning 
period, depending upon available data and the district's situation. The level of analysis is also 
a user option. The longer the planning period the more difficult and uncertain detailed 
analysis becomes. The district is best able to know if it is subject to rapid changes in the 
educational program and if standards which are effective today will be appropriate iti the 
future. Definitions of teaching sUtion and square footage for the school district must be 
supplied by the user. The definitions established at the beginning of the study should be 
used consistently throughout the process. 

As explained in the handbooks the data requirements associated with the Facility 
Component include the following: 

1. course enrollments for the previous five years 

2. average number of class periods per course 

3. total student enrollment for the previous five years 

4. enrollment forecasts for the planning period 

5. number of current and expected class periods per day 

6. number of current and expected days per week on which classes are held 

7. desired utilization rate 

8. desired number of students per teaching station 

9. number of existing teaching stations 

10. desired number of square feet per student 

11. number of existing square feet 

The major benefit of the Facility Component is the ability to quickly examine the impact of 
potential shifts in school policy and/or community conditions. With relatively little effort 
the school planner can examine the probable effect of alternative enrollment projections. 
The contnbution of alternative physical plans, such as a school closing or a new schooUan 
be analyzed. Similarly the effect of numerous "non-structural" solutions such as more 
children per space, staggered sessions or even a twelve-month school year,may be reviewed. 
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Chapter 5: Fiscal 

Analysis 

The fiscal analysis associated with school facility planning can not easily be separated from 
the fiscal analysis required of all educational planning. Expenditures for capital planning 
constitute a relatively small fraction of the substantial amount that is spent each year for 
public education. For example, only about ten percent of the estimated fifty-two billion 
?Q7f i^^^"^ °" ^"^^'^ elementary and secondary education was for school construction in 
1973. This amount has declined from almost thirty percent of total educational 
expenditures in 1954, and with continuing enrollment decreases, can be expected to decline 
further. However, the analysis necessary to examine the financial implications of building 
or dosing a school cannot be successfully divorced from the analysis of total school revenue 
and operating expense forecasts. 



5.1 



The Problem 



Unlike in many countries. United States primary and secondary school education is financed 
largely at the state and local level. In the 1972-73 school year, less than eight percent of 
public school revenue derived from the federal government; forty-one percent came from 
state sources, and fifty -one percent came from local sources.^ In this latter category, the vast 
proportion was generated by local property taxes. Within individual states the allocation 
between sources varied substantially. Therefore, the successful school planner must 
understand and be able to predict activity at the local and state level. 

The fiscal analysis problem has two parts which must be solved simultaneously. First is that 
of predicting a community's ability and inclination to provide the financial support 
necessary for a given educational program and the facilities which it demands. Thesecond 
part IS that of selecting the best strategy for carrying out the educational program within 
defined guidelines regarding standards, policies, and costs. The first aspect involves revenue 
analysis, the second involves expenditure analysis. 
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Revenue analysis requires an estimation of a given district's capacity to raise funds, and the 
inclination of its citizens to tax themselves. Capacity is dependent upon the communitj-'s 
general prosperity, and particularly the valuation of its property which provides the local tax 
base. Assessed valuation also enters into the equalization factor that most states include in 
their calculation of unrestricted grants-in-aid to be apportioned to each school district. In 
those school districts that ar9 legally limited in the amount of bonded indebtedness they can 
incur, assessed valuation is usually the base by which the limits are established. Thus, 
assessed valuation is the single most important factor in determining the capacity to provide 
revenueand incur debt. 

The willingness of citizens to pay for education is affected by the moods of Congress, the 
state legislature, and the local electorate. It is influenced by a community's perception of the 
need and definition of quality education, and is very much related to the demographic 
characteristics of that community. The revenue segment of the fiscal analysis problem 
requires that a planner be able to forecast fundamental growth in assessed valuation, retail 
sales, and other ingredients of revenue capacity. The planner must also be able to forecast 
the composition and mood of the local community, state legislature, and, in some instances, 
courts. 

TIic problem of determining an expenditure strategy for a school system is more complex. 
Hero the challenge is to expend monies in a prudent manner so that the educational goals are 
achieved, but within carefully prescribed cost limits. In terms of facility planning the goal is 
to obtain the best mix of space that will house the projected enrollment without 
squandering funds. The plan necessary to carry out this strategy must contain well defined 
decision points, the quantities associated with each decision, and some measure of the risk 
and future consequences of the decision. 

Many of the elements that enter into the expenditure strategy will, of course, be beyond the 
control of the school administrator or planner. Between two-thirds and three-fourths of 
most local educational authority budgets are devoted to personnel costs, primarily teachers' 
salaries. A major expenditure item is thus extremely sensitive to inflation and employees' 
demands. Only limited control over this category can be exf?rted by varying the teacher pupil 
ratio. 

Construction, demolition, land, transportation, and debt costs are also sensitive to economic 
factors largely beyond the school district's control. The facility planner must base the 
expenditure strategy on answers to many questions: 

What potential savings are associated with alternative sites, designs, materials, etc.? 
What economies of scale might be realized with each alternative? 
When would be the most auspicious time to achieve the lowest costs and interest rates? 
What is the best financial mechanism for supporting the construction, refurbishment, or 
closing of selected schools? 

All of these must be answered within the context of the communities' attitudes and laws 
regarding public education. 

Both parts of the fiscal analysis problem contain a mixture of subjective and quantitative 
considerations. Any contribution that assists in the solution of this problem must present a 
structure within which the subjective parts and the analytical tools for handling the 
quantitative parts can be communicated, 



5.2 f.^^°^ ^^^^ research in the field of education has branched in a number of directions in recent 

the Art years. Tliese trends are summarized below in terms of three overall categories: General 

Economic Analysis, Budgeting Systems, and Specific Forecasting Models. No attempt at 
comprehensiveness has been made; rather a variety of typical research activity is identified. 
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6.2.1 



General 

Economic 
Research 



5.2.2 



Planning, 
Programming, 
Budgeting 
Systems 



The most intensive general research activity has centered around the three-year National 
Educiaiional Finance Project (NEFP) initiated in 1968.^ In a series of volumes, this analysis 
documented the positive and negative features associated with the decentralized system of 
financial support for American education. Several themes within this general category have 
;vce5vcd particular attention in recent years. First, the issue of equalizing educational 
expenditures has received emphasis, partially because of the numerous court challenges to 
current systems which, in most states, preclude equal expenditures per child. Variations in 
current expenditure pattenis have been carefully documented^ and many corrective measures 
proposed and, in some cases, adopted.^ A second related focus has concentrated on 
alternative mechanisms for increasing financial support. In tojrxt'^ Sv,V>t>I facilities, many 
alternatives to the traditional bond issue have been proposed^"' Aiisr: oiatc>d with this concern 
has been a series of basic studies into the factors behind edU'?:;MJonal demand. One after 
another **ex post facto" correlational study has indicated that measures of community 
wealth and wealth-related variables are the best predictors of educational demand.* 
Conversely, factors which are more directly subject to school administrator control have 
been shown to have far less predictive power. 

A final theme within the general category of education-related fiscal research has developed 
recently with the increase in school consolidations and closings. Usually on a case-byKiase 
basis, the fiscal impact of shrinking enrollment and school closings has been analyzed.^ 

If the volume of literature is any guide to the importance of an idea, the concept of 
planninij, programming, budgeting, systems (PPBS) represents one of the most important 
fiscal innovations in education. Since its promulgation by the federal government in the mid 
1960 s ai^ extensive amount has been written about the merits and techniques of the 
approach. Knezevich has identified about twenty states that have recommended or 
mandated the establishment of program budgeting in education.^^ He describes the system 
as placing a ^'disciplined emphasis on missions to be accomplished" and consisting of the 
following cycle of activities: 

1. Planning 

- Formulating a future course of action 

- Specifying long- and short-range goals 

- Clarifying goals 

2. Programming 

- Generating alternative approaches to goals 

- Clustering activities related to objectives 

- Developing operational plans 

3. Budgeting 

- Translating programs into fiscal and non-fiscal requirements 

- Pragmatic classification of planned expenditures 

4. Analyzing 

- Specifying major assumptions, constraints and uncertainties for each alternative 

- Determining cost-effectiveness of . each alternative 

- Rank ordering of cost-effectiveness index for an alternative 
6. Deciding 

• Dotermlnlng the optimal course of action or alternative for each goal 

6. Kvalualing 

- Reviewing outcomes and relating each to prior expectations 

7. Recycling 

- Feeding evaluative judgements into the system to begin a modified PPBS cycle. 

PPBS has been considered most useful in situations where the objectives are difficult to 
clarify and the relationships between activities and objectives are vague. It is not a 
particularly dynamic system, and, as such, not directly concerned with the long-term 
problems of risks or strategies. In this respect its applicability to facility planning situations 
would appear limited, especially where the relationships between specific activities and 
objectives are explicit. In these situations the evaluation of risks, the timing of decisions, and 
the formulation of strategies are more predominant needs. 
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As noted throughout this report, analytical techniques are beginning to be used with growing 
regularity in many phases of education. Probability techniques/such as decision trees, 
sensitivity analysis, and expected value calculations; simulation methods, such as cash flow 
projections, risk -analysis, and Monte Carlo applications; linear programs involving problems 
of optimal assignment and allocation; and PERT/CPM involving scheduling so that work 
costs and slippage are reduced; all are being experimented with in many educational 
settings. ^ 

The difficulties of using analytical techniques have been widely documented. First there is 
the difficulty of formulation. The problem to be analyzed must be organized and quantified 
in a way that will fit the technique. This can be a complicated task, with the constant danger 
that the actual problem is misrepresented in the effort to apply a given technique. Obtaining 
relevant data is typically a large part of the formulation challenge. A second major difficulty 
is that of performing and interpreting the calculations, once the formulation has been 
completed. This process can vary in complexity from trivial hand calculations to the 
employment of hours of computer time. 

A mathematical model generally refers to a consistent, coherent, and tractable collection of 
variables that are related, using one or more analytical techniques. Its construction is largely 
an intuitive process. The most useful models for fiscal analysis have been simulation models 
consisting of elementary linear and exponential relationships structured in a modular or 
"building block" framework. 

Scott developed an expenditure forecasting model for a municipal government.^^ 
Expenditures for education are projected as a function of projected students, teachers, salary 
structure, and non-personnel items. Debt service is calculated in terms of principal and 
interest payments using an accounting model. The ability to vary exogenous variables, such 
as interest rates, and policy variables, such as the level of service to be provided, are buHt 
into the model. While designed for the city of New Haven, Connecticut, the methodology 
and formulas are applicable to many other jurisdictional settings. 

A financial projection program has been constructed for the Dallas Independent School 
District as part of the Project SIMU School Program.^^ Its purpose is to project a budget 
and overall financial analysis for a medium or large school district. Input data requirements 
include operational parameters (district identification, minimum foundation program 
algorithm, years to be simulated, years of historical data, and budget forecasting methods 
per category); demographic information (enrollment projections and grade level structure); 
personnel history (number, salary, experience, level of highest degree); state salary schedule 
(pay grades and steps that make up the minimum foundation salary schedule established by 
the state); and a variety of miscellaneous finance items (transportation costs, state and local 
receipts, tax rates, etc.). 

The financial projection program is impressive in its detail, but is very much geared to 
educational programs in the state of Texas. Its potential for transfer and, in fact, its 
forecasting accuracy must be further evaluated. 

Several more generalized models have been developed by private firms for use in multiple 
school districts. Plantran II is a software package developed originally for financial analysis 
in higher education. It is more free form than the Dallas system. The user may make 
independent projections (increasing a data item by a percentage, by an increment, or by the 
value necessary to achieve a goal), may perform arithmetic operations, and may input 
independent data. Projections are printed in graphic as well as standard report formats. 

The Municipal Impact Evaluation System (MUNIES) is a similar package.^^ Advertised as a 
tool for evaluating the costs, revenues, and other financial effects of development on 
government, it has been used in examining school settings. MUNIES has computer-based 
capabilities that allow a user to enter data and assumptions, conduct basic mathematical 
operations, and print the answers. Space requirement calculations, salary projections, and 
the amortization of debt have been produced using the package. 



5.2.3 Analytical 
Techniques, 
Models, and 
Computers 
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5.3 School 



u '""^ ^^^^ '"""^ '"^^^^ ^ ^"PP^^t systems for building models 

which have been used to analyze fiscal problems. In this respect they are like the basic 
support system used to conduct the computer-based analysis in the School Facility Planning 
System. The basic support system is a version of the Intech Incorporated FORECASTER. It 
appears somewhat more versatile than early versions of the above packages because it 
incorporates regression analysis and time series forecasting capability. 

These an^^any other support packages have been used for fiscal analysis purposes in private 
industry. Computer languages and packages to support fiscal analysis, particularly 
simulation models, are readily available from public and commercial sources. The problem is 
not one of the availability of computer support. Rather the challenge of fiscal analysis is the 
formulation of any basic model into a structure that makes theoretical and practical sense. 
Most successful fiscal models have been constructed in an exclusionary manner, starting with 
a few simple relationships, and then, over time, adding more complex aspects. 



p I K, '"I^ Component of the School Facility Pianning System has as its purpose the 

facility calculation of debt and cash flow associated with a given plan for providing necessary 

nanning facilities. This, together with the required space calculations described in the preceding 

Sproach chapter, is the main variable needed for evaluating the efficiency of a proposed school plan. 

To calculate the debt and cash flow, it is necessary to project in time all revenues, expenses, 
and debt commitments. This is accomplished in several parts, each of which Iz discussed in 
the following sections. 

The approach adopted in the design of the Fiscal Component is similar to that adopted 
elsewhere in the System. Variables are to be projected in the simplest manner possible by 
either time series methods, by arithmetic relationships between previously determined 
variables, or by regression techniques. Sufficient flexibility is allowed so that whatever 
technique seems to be most applicable in a given situation may be used. 

The models which have been assembled for this project are both elementary and flexible. It 
was recognized as fruiUess to attempt sophisticated mathematical applications in the 
generation of long-range projections involving such a large number of economic and social 
variables. Each variable which could be predicted with some accuracy would need to be 
combined with others which could change drastically in response to economic pressures 
beyond the immediate community. 

The main purpose of a system of this type is to give planners a way to view the consequences 
of their assumptions and observations in a quantitative fashion. Human beings have great 
intuitive talents, but their ability to integrate a large number of sound intuitive notions into 
sound decisions is often poor. The hope is that the System will inject more integrity into the 
intuitive statements. 

The organization of the Manual Version of the User's Handbook is somewhat different from 
that of the Computer Version. However, the basic elements of fiscal capital planning and 
budgeting are incorporated in each. These include projecting capital costs, determining 
assessed valuation and debt capacity, and calculating total revenues and expenditures. 

5.3,1 ^°^[^* '^^ ^^^^^ variables which must be examined are the number of square feet of space which 

^ital will be built for each year that construction is planned; the number of square feet of space 

U>ste which is planned to be tented; a renting cost figure; a building cost index and land costs. 

The amount and dates for obtaining additional space are part of the strategic plan to be 
tested and as such should be based on the judgement of the planner. The building cost index 
is an estimate. of the relative cost of construction from year to year. Since general inflation 
aiid labor and material costs enter into this index, it is not an easy number to estimate. One 
commercially available source is the Dodge Manual for Building Construction Pricing and 
Scheduling. Projecting the values of the index into the future is a precarious endeavor. 
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5.3.2 Assessed 



Recommended possibilities are by least squar. ; exponential curve fit, by calculating the 
historical percentage increases and projecting these increases linearly, by using an average 
percent annual change, or, finally, by assuming one or more rates of inflation. None of these 
techniques can be proven better than the others. Whichever one is chosen, the choice should 
be noted, and the sensitivity of the final plan to this variable should be estimated. 

Presumably, renting costs will increase at approximately the same rate as building- costs, so a 
building cost index could be used to estimate these also. Translating the projectea amounts 
of building space to be leased or constructed into costs is accomplished by multipiying by 
the present-day cost per square foot weighted by the building cost index. 

The cost of land acquisition is entirely dominated by local supply and de.-nand 
characteristics. No generaJ methods for obtaining estimates of land costs are given. Local 
realtors and plannirs: agencies will probably represent the best sources of cost estimates. 

The projection of asse.ssed valuation has two purposes for this project. The first is that of 
Valuation determining the school district's capacity to borrow money. The second is to determme the 

and Debt base for levying local property taxes. 

In projecting assessed valuation, the economic growth of the community must be 
considered. Both the residential growth and commercial growth will need to be estimated. 
The value of property in a community is largely a matter of supply and demand. For various 
reasons, communities often will suddenly switch from a stable economic state to a surge of 
growth or decline. After some time elapses, supply and demand will again tend to bring the 
community to a state nearer equilibrium, where more gradual trends will be resumed. Each 
of those situations, either the stable or the rapidly changing, results in one of several 
characteristic curves. These curves are the modified exponential curve, logistic, and/or 
Gompertz curves. The projection presented in the School Facility Planning Project is one of 
determining which growth situation applies to the community and then fitting the 
appropriate curve to the data. 

Since a school district will usually include a variety of residential and commercial activity, it 
IS recommended that disaggregated analysis be conducted, where possible, in terms of both 
land use types and geographic areas. Data and time will, of course, be constraints. The results 
would be aggregated to obtain a district-wide forecast. 

Two additional factors in forecasting assessed valuation should be accounted for. First is the 
general inflation factor, growth over and above that due to supply and demand pressures. 
Second is the fact that a property's assessed value in some communities may not be adjusted 
for many years to reflect changes in the true market value. To address these considerations, 
the serious analyst may use more detailed forecasting procedures. Both versions of the 
System allow the user to analyze the assessed valuation left unchanged from the previous 
year, the not adjustments on the assessment of old properties, and the assessments due to 
now construction. Information from the local tax office and building department may 
provide sufficient information to allow valid projections In this manner. 

The other variables associated with assessment debt are the district's bonding capacity as set 
by state regulations, payments on principal and interest, and total debt. A district's net 
bonding capacity is calculated as the difference between indebtedness and gross bonding 
capacity. It is affected by debt commitments already made and by future indebtedness 
proposed to support the facility plan. 

5.3.3 Revenues Revenues derive largely from local, state, and federal tax sources. Other sources may bo 

tuition, transportation charges, fees, and earnings on investments. The School Facility 
Planning System provides the ability to project revenue on a gross level (e.g., local property 
tax, state grants-in-aid, and others) or a detailed source by source level. The decision is up to 
the user. 

Local revenue is calculated by applying an actual or proposed rate against the projected tax 
base. Specific state foundation formulas have not been presented, but can be built into the 
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5.3.4 



Expenditures 



System with relative ease. Accurate revenue projections require insight into the mood of the 
electorate and their representatives. Since this is not entirely possible, the plarrjier must take 
into account the consequences of having actual conditions deviate from ihe course on which 
plans were based. Projections must be made, but their base will be largely intuitive 
Determining just how critical an action at some decision point really is, is largely the Duroose 
of a planning system. f 

To project total district expenditures, one must combine all operating expenses with the 
anticipated debt service expenses. Operating expenses can be divided into those costs which 
are related to numbers of teachers, enrollments, and/or the number and size of school 
buildings. A major variable is teachers' salaries. Recently teachers' salaries have risen more 
rapidly than the per capita income of the United States as a whole. In projecting salaries it 
will be necessar>- to make some basic assumptions regarding innation rates and per capita 
income and their relationship to teachers' salaries. The Office of Business and Economic 
Research in the United States Department of Commerce provides long-range projecting of 
per capita income. It is suggested that one method of projecting teachers' salaries is that of 
forming a simple linear relationship between teachers' salaries and per capita income either 
by regression or by using some recent ratios. 

The projected per capita income should boar some relationship to the projected building cost 
index. Both will bo infiuoncod by innation. If building costs rise appreciably faster than per 
capita income, it will be accounted for by the fact that either the wages of construction 
workers or the cost of materials is rising faster than average income. The reality of inflation 
may also cause revenue and expenditure forecasts to follow similar patterns. This is not 
certain, however, because slow reassessment policies and tax payers' revolts in many 
communities insure that school district revenues will not always be sensitive to irifiation. 

The other operating expenses belong to categories such as school materials and supplies 
teachers benefits, and building operating costs. These should be disaggregated to whatever 
U^vo l is n. ..s&-!77 to give a good picture relative to facility planning. Simple linear expressions 
relating these v^^iables to the projected enrollment, facility needs, or teachers' salaries 
should oe adP iiiate to make the projections. 



5.4 



Conclusion 



. he preceding .fctioms describe a planning environment in which a groat amount of 
iiinccrtui.ity will exist. :Nearly all the variables which are significant will depend upon 
ct -U ai-,u.-ip; vons w.hich may or may not be valid. Generally no scientific analysis or 
ptoi.-l,on tcd;,nique.s can predict the validity of these assumptions throughout the time 
p(-riod foi which decis.ions will bo consequential. 

The System recomn:nends that the question of risk be related to a given plan. If the plan is 
ii?}.p!pmoi f.ed, what might be the consequences if the assumptions do not hold? Thus for a 
Kiver, fgnlity plan, analysis requires that the assumptions involving enrollment levels 
building costs, operating costs, teachers' salaries, and the community's willingness to levy' 
taxe« should bo altered and now calculations made based upon new assumptions For the 
new calculations, the cash fiow and space differentials should be examined. The assumptions 
which should be tried are largely an intuitive matter. All tentative assumptions should be 
plausible. Enough calculations should bo made to provide an idea as to the range of 
assumptions for which a given plan will remain adequate. 

The question of sensitivity refers to the decision points for a given strategic plan. Each plan 
for providing facilities has points in time at which a major commitment is being made. Those 
points have both quantities and a d=to associated with them. Tax rate increases, buildinc 
construction, buildlnc closlnRs are examples. Each of those decision points should bo tostod 
for ts sensitivity to both time and quantity. To do this all assumptions regarding future 
evols of enrollments and salaries should bo hold constant while the amounts and dates on 
the decision points are allowed to vary. The resulting effects on the two bottom line 
variables, the cash fiow and the space requirements, can then be noted. The relative 
importance of a decision point will become evident by this procedure. 
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Chapters: Geographic 

Analysis 

The geographic distribution of futur? enrollmRnt. within a .ohool district will have a 
si'S's frlr'^'h' 7 "^"f '-"^ boundai.es and on the selection cf 

cost^ n ™ ' h° r °' ''""^ G^°g^3Phv is, therefore, a major determinant of 

cost. ,n rjiany school systems. A number of mather.iatical models related to geography may 
be applicable rD the locatio.ial problems faced by school district s^minlstriitoi^. 

T^e locatiorhi aspect of schcol facility planning indudcs .electing policies that will minimize 
^sporUtioii operation and capital "costs." These policies must recojjnize legal and 
poll ical constraints within the conmurity Some of the difficulties associated with 
locational planning include identifying the constraints; measuring costs, both for the 
immediate and lo.ig-range future; and developing a practical set of guidelines, unencumbered 
by massive data collection and calculation requirements. 

A given school district will hsve a limited number of options that are considered feasible It 
may have only the option of reassigning students to existing schools in the district; or it may 
have a wider range of possible solutions, including the opening of new schools or the closing 
01 surplus schools. Thus many variations on the basic problem exist according to which 
category of action is possib'v. 

In addition, most school district, vill be subject tc certain extraneous rcquire.a.-nts that 
dictate certain niodes of operation. Some restrictions may be generated locally. For instance 
a strong neighborb-d organization may insist that all the children of that neighborhood be' 
assigned to the same school. Traffic hazai-ds may require that children from a certain am.-, 
not attend the schoo'. nearest their home. 

The extraneout requirements mey also be more widely applicable. A great many school 
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districts are working to resolve problems of racial imbalance among their schools ~ some by 
court order and others on their own volition. Though many criteria have been suggested to 
measure the extent of racial balance, the one most frequently imposed by the courts is that 
each school in the district reflect, within a specified tolerance, the racial composition of the 
district as a whole. Thus, if the symbol B denotes the percent of minority students in the 
district as a whole, and the symbol V represents the maximum allowable deviation from that 
percentage, then the percent minority students in any school in the district must lie between 
the limits B-V and B+V. 

The many possible Interpretations placed on the word "cost" complicate the geographic 
analyslfi problem. The most direct Interpretation is the true cost to the district of its students 
traveling to their assigned schools by whatever conveyance, whether it bo district supported 
school buses or by foot. Rarely can these costs bo determined with any degree of precision. 

It is necessary, therefore, to develop substitute measures for true transportation cost which, 
though not precisely reflecting the true cost, vary in rough proportion to it, and can be 
measured. These substitutions are called "interpreted costs,'' For example, one could express 
the cost in terms of the total distance of students in the district from their assigned schools. 
As long as all students provide their own transportation, or as long as the school district 
provides transportation to all its students, it is a reasonable assumption that the true cost to 
the district will be diroot!r=proportional to this total distance. Thus, a scheme whidi 
minimizes distance will also, in effect, minimize cost. 

This attempt to develop a working concept of cost is challenged when a district implements 
a mixed bussing policy - one in which some students are bussed and others are left to 
provide their own transportation. Suppose that a district adopts the policy of bussing all 
students living over one mile from their assigned school. The true total cost to the district is 
then the sum of two different typos of cost. The first is the actual cost to the district of 
providing the bussing program. The second cost is the interpreted cost, perhaps in terms of 
good will, of the students who must provide their own transportation. 

The question of designating attendance area boundaries is comparatively simple relative to 
the location decisions involved in selecting sites for new .schools or for school closings. The 
prime factor which Is of interest in the Geographic Component of the User's Handbook Is 
again the costs associated with various locational alternatives. School opuratini,' and capital 
costs, as well as transportation costs, must bo directly examined in the site selection 
problem. Also long-range geographic enrollment patterns take on added importance. 

Mathematical models which could d iroctly address all those issues would be quite complex 
and expensive, if not impossible, to implement. Geographic analysis, in the final reckoning, 
requires subjective judgments concerning interpretations placed upon the word "cost." The 
analytical techniques presented in ih^ Geographic Component of the School Facility 
Planning System can present quantitxutive geographic information in such a manner that the 
trade-offs are clearly presented. The '^naf decisions must be made based upon the overall 
goals of the school board and adminisuration. 



6.2 State of The area of mathematical programming is of rather recent development in the field of 

the Art applied mathematics. Most of its development has occurred during the past twenty-five 

years. Many of the techniques in this area are applicable to various problems in school 
district planning, A brief survey of the field of mathematical programming and its 
application to school planning problems follows. 

All mathematical programming problems involve maximizing (or minimizing) an objective 
function subject to certain constraints, which are usually stated as arithmetic inequalities. 

Depending on the mathematical characteristics of the objective function and the constraints, 
these problems are given different names. Certain classes are solvable by routines that are 
well-known and virtually guaranteed to work. Others are only sometimes solvable. Still 
others remain the subject of research in the field of applied mathematics, A comprehensive, 
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if somewhat complex, explanation of mathematical programming and its application to 
location analysis in the private and public sector has been prepared by Revelle, Marks, and 
Liebman. 

If the objective function is linear and all the constraints are linear, the problem is called a 
linear programming problem. This is the classic problem in the field of mathematical 
programming. A routine (the Simplex algorithm) was developed by Dr. George Dantzig in 
1950. The Simplex algorithm is guaranteed to find a solution if it exists, or to indicate that 
no solution exists when the problem is so constructed. Though linear programs have the 
advantage of being readily solvable, there is the disadvantage that the real world situation 
must be extremely simplified, sometimes unrealistically so, in order to make the model fit. 

The technique has been applied to a number of diverse problems in the area of school 
admininstration. ^Thesc include the determination of optimal bus routes (Stlmson and 
Tlion^son, 1972 ); the setting of salary scales in colIecUve bargaining negotiations (Bruno, 
1^69 ); classroom location-allocation for campus planning (Graves and Thomas ig?!"*)- 
school time-tabling (Lawrie, 1969^); and the determination of school district boundaries and 
sites. 

A more recent development in the field of applied mathematics is the subject of integer 
programming. In its simplest form, an integer program is formulated in exactly the same 
manner as a linear program. However, certain variables in the integer program are restricted 
from taking on any but integer (whole number) values. This restriction is analogous to the 
fact that one cannot send half a student to one school and half to another, or build one-third 
of a school. 

Examination of the school area assignment problem includes two important points. The 
problem without racial constraints included is guaranteed to produce an integer solution 
Even when racial constraints arc included, experience suggests that most of the solutions are 
integer, and that the numbers are sufficiently la-ge so that round-off errors do not affect the 
final solution. Specific uses of integer programming in this context have been designed by 
Heckman and Taylor. 1969^, by Clark and Surkis, 1983 \ and by Koenigsberg. 1968 ° The 
question of new facilities, however, requires a more extensive model that includes integrality 
of the constraints. In 1974 Fred Hall applied the techniques of integer programming to 
optimize the selection of new school locations.^ Hall presented the following 
problem: Given that new schools are to be constructed in an existing school district, 
detormme locations, by map grid, for these schools so that the optimal assignment of 
students is achieved among all possible locations for the new schools. The article goes on to 
mathematjze the model, and provide an example for the Chicago school district. 

A number of additional models have been developed which are relevant to school 
location-allocation problems. Typically these have data and/or computing requirements that 
prohibit their simple transferability between school districts. 

ONPASS is an on-line pupil assignment system developed by Urban Decision Systems, Los 
Angeles, California. This system uses machine readable student address information to 
allocate students to schools in a manner that achieves maximum facility utilization while at 
the same time keeping travel distances within reasonable bounds. Both ONPASS and a 
prototype version called ISP? (Interactive School Planning Procedure) use a DIME (Dual 
Independent Map Encoding) file. Developed by ♦he United States Census Bureau, DIME files 
ere available in most metropolitan areas across the country. 

These models are based on systems developed for the United States Defense Civil 
Preparedness Agency. NAPS (Network Allocation of Population to Shelters) and more 
recently CACSP (Computer Assisted Community Shelter Planning) assign people to shelters, 
gi*en the geographic location of the population and shelters and the street network.^^ The 
application of these models Is obvious - the distribution nf schools and students ran easily 
be substituted for shelters and population. 

The University of Washin^n and the Sonttlo school district have created and developed 
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another geocoding dependent system.^^ students are assigned to the closest schools, 
regardless of school capacity, to project logical school boundaries and maximum needed 
capacity. They are also assigned to the closest schools with regard to existing school 
capacities and travel distance limits to identify how many students require transportation 
and the immediate need for portable classrooms at given locations. 

Still another approach that requires a student address data base and a computer readable 
map which can locate shidents by address has been developed by Educational Coordinates in 
Sunnyvale, California/'^ The technique has been used to redefine attendance boundaries for 
the Pleasanton, California elementary school district and to calculate transportation costs 
for a proposed open enrollment plan in East Hartford, Connecticut. 

A final system currently being used for attendance- area designation is GADS (Geographic 
Analysis and Display System^"*), As developed by Santa Clara County's Center for 
Educational Planning and Center for Urban Analysis, this system allows the user to 
interactively experiment with alternative attendance zones, each time observing the 
enrollment and racial composition associated with a given configuration. A school closing 
model and an attendance area evaluation model for use with GADS are currently under 
development. 

All the above models require a computer because of the time involved in making the 
necessary calculations. However, certain linear programming problems have a special 
structure that lends itself to solution by techniques that are more efficient than the more 
general Simplex algorithm. Such a problem is the transshipment problem in which known 
quantities of items are inventoried at a number of warehouses. A known demand exists at 
each of a number of distribution points. In addition, the cost of transportation from each 
warehouse to each distribution point is known. The problem is to determine how many 
Items to ship from each warehouse to each distribution point so as to minimize the total cost 
of transportation. 

The application of the general tran.sshipment problem to the problem of drawing school 
distnct boundaries is obvious. The technique for solving the transshipment problem is 
sometimes called the stepping-stone or distribution method. It is presented in most texts on 
linear programming, for example, see Hadley, 1962^^ and Reinfield and Vogel, 1958.^^ The 
latter reference contains a particularly clear explanation of the stepping-stone method. 

The transshipment problem is most efficiently solved using the stepping-stone method. Both 
m terms of required computer time and memory for the solution, the stepping-stone method 
Is far superior to the standard simplex method. However, the transshipment problem is a 
restrictive model, in that it does not permit the introduction of additional constraints such 
as racial balance requirements. 



6.3 



6.3.1 



School 
Facility 
Planninj^ 
Approach 



Approach 
Rationale 



A linear programming approach has been selected as most applicable to the solution of 
attendance zone designation and site location problems. The stepping-stone method forms 
the basis for the Geographic Component (Chapter 5) of the manual version. The simplex 
method has been used in the Geographic Component (Chapter 6) for the computer version 
of the user's handbook. Two programs have been written that provide input and output to a 
previously written subroutine entitled SIMPLX.^^ BOUND is the basic program. RBOUNl) 
IS a modification that incorporates minority student constraints so that attendance zones 
may be identified which achieve racial balance. SIMPLX solves the linear programming 
problem. 

The St. Louis Research Consortium selected this approach after failing to devise any simple 
heuristic approach for ostp.blishing boundaries or identifying sites that would minimize 
student travel. The decision was made to avoid models that would require extensive data 
(such as a working DIME file) or extensive computer resources (such as that necessary for 
Hall's integer programming technique). It was also decided that the computer software must 
be in the public domain, even though some proprietary linear programming packages were 
recognized to possess more efficient, and hence, faster algorithms. 
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The first heuristic approach involved estimating enrollment forecasts for small geographic 
areas throughout the district, delineating distances from these areas to all schools and 
assigning the students in each area to the nearest school. The resulting configuration of 'areas 
defined the initial attendance boundaries. The next step was to adjust the boundaries in 
order to achieve an acceptable, if not optimal, allocation of school capacity. As outlined in 
the early conceptualization of the System (Working Paper Number 2. December, 1974) this 
approach worked in very simple districts. However, when the number of grids and schools 
expanded, the boundary adjustment process became unwieldy. 

A second heuristic attempt involved a graphic approach. A technique for drawing circles of a 
predefined radius around each school was considered. Initial boundaries were established by 
connecting the two points of intersection where circles overlapped for two schools. A 
boundary adjustment process was devised but it. too. was unsatisfactory for dealing with 
large school districts and large variations in the geographic distribution of student density. In 
the face of these difficulties, a linear programming optimizing approach was selected. 

6.3.2 The Problem Using estimates of the school age population in each of a number of small geographic areas 

Formulation of the district, the Geographic Component develops boundaries for the school service areas 

in the district. The boundaries are selected in such a way as to minimize the total physical 
distance of students from their assigned schools. Travel times or costs may be alternately 
used. 

Stated precisely, the problem is to assign students to schools in such a way that the 
following conditions are mot: 

1. Each school's enrollment does not exceed its capacity; 

2. Each student is assigned to a school; and 

3. The total of the distances commuted daily is a minimum. 

Numbers 1 and 2 are called constraints and Number 3 is called the objective. 

Though the problem has now boon stated precisely, it can not be .solved practically. In any 
reasonably sized district the number of students would be so large that the problem would 
exceed the capacity of most existing computers. Therefore, the problem must be 
approximated to reduce the amount of data required. 

The approximating assumption is that students who live in the same geographic sub-area or 
grid all live the same distance from school. This assumption has the effect of clustering the 
students at a point and. to that degree, is unrealistic. However, it reduces the amount of data 
required to solve the problem to such a degree that the inaccuracies can be tolerated. 
Therefore, student enrollment must be estimated in terms of rather fine, compact grids. 
Uniformity in the configuration of these grids greatly increases the ease of implementation 
as well as the accuracy of the model. The enrollment center of each grid Is called its 
centroid. 



The approximating problem is now stated mathematically. Let pj . i-1. 2. .m denote the 

student population in each of the m grids. Lot C: . j«l. 2. n denote the capacity of each 

of the n schools And lot . i-1. 2. .m. 2. n. denote the distance from the 

controid of the i grid to the j school. Each of the values of p. . c: . and dj- are known 
or can be deu rmined by techniques discu.ssed in the User's Handbook. ^ 

Let x jj . 1=1. 2. n denote the number of students from grid i to be sent to school j. The 

values of xy are unknown. However, certain conditions on the xjj are known. These 
conditions parallel those of the problem described above. 

1. For any schopl. j. the number of students may not exceed its capacity. 
Symbolically y Xjj ^ cj for each j; 

2, For any grid. i. the number of students sent from grid i to some school is equal to 
the population of that grid. Symbolically: ^ Xj. - pj . for each i. 
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3. Since the product djj is the total distance commuted ^y students from grid i 
to school j, i j d.. Xjj is the total distance commuted daily by students in 
the district. This sum is to be minimized. 

In mathematical shorthand the problem is: 

Find the set of values for xy , i-1,2,.,,^, rl.^,n which minimizes 
z-2: ^ ^ij subject to: 

^ Xjj < Cj forj- l,2„.„n; 

^ X;j - p. fori-l,2,.,.,m; 

X.J ^ 0 fori- 1,2,... ,m, j - l,2,...n. 

Such a problem is solvable (xy values can be found) using linear programming. It is assumed 
in the implementation that djj is non-negative for all i and j. This permits replacing the first 
n equality constraints above with inequality constraints of the form ^ x^ ^ pj . 

6.3.3 The Problem Attendance boundaries are determined by preparing data on enrollments, school capacities. 

Solution distances, and, if necessary, minority enrollment; executing the procedures; and then 

. delineating the actual zone lines in light of street patterns and other immediate 
considerations. Potential sites for school closings or construction are evaluated by removing 
or adding a school to the initial input data; executing the procedures and calculating the 
total student distance or cost; and repeating the process for an alternative site. The 
configuration with the minimum total distance or cost is judged "best" in terms of 
transportation factors. Of course, this cost must then be added to operating and capital cost 
considerations for each site. 

The stepping-stone method was selected for the manual version of the Geographic 
Component. The detailed instructions for carrying out this technique can be understood by 
most clerical employees. Experimentation with a medium -sized district (seven schools and 
thirty-six grids) resulted in an optimal solution in approximately ten hours. Therefore, while 
laborious, the required calculations are feasible for use by individuals rather than by a 
computer. 

The stepping-stone algorithm would have been preferable to the standard simplex algorithm 
for incorporation into the computer version of the Geographic Component. It would have 
been characterized by lower core storage requirements and less execution time. 
Unfortunately, this algorithm is not capable of solving the student assignment problem when 
racial constraints are involved. Therefore, the standard simplex method was used with the 
recognition that more computing power and time would be required. 

6.3.4 Genera! Design BOUND has been programmed in Fortran and tested for school districts of varying size on 
of BOUND an IBM 370/145 with 128K bytes of core storage. The program has three functions. First, it 

reads input data punched in the format described in Chapter 6 and Appendix A of the User's 
Handbook: Computer Version. This data specifies the number of schools, the number of 
grids, the capacities of the schools, the estimated grid enrollment, and the grid-school 
distances for each combination of grid and school. The information is recorded in a matrix. 
The second function of BOUND is to invoke a subroutine named SBMPLX. SIMPLX is a 
Fortran subroutine designed to solve the general linjar programming problem. It is executed 
in two phases: the first phase determines a feasible solution, the second phase determines 
the optimal feasible solution. Phase control is provided by the formal parameter IPHS-1 or 
2. Built into SIMPLX is an iteration counter designed to keep the operator informed of 
progress towards a solution. After each group of fifty iterations, a message is printed on the 
operator's console with a number called the simplex criterion. When the simplex criterion 
has been reduced to zero, the algorithm terminates. 

The third and final function of the program BOUND is to print out the results developed by 



58 



EKLC 



the SIMPLX subroutine. These are printed in a readily understandable format as illustrated 
in Appendix B of the handbook. 



The operation of BOUND can be further explained by examining the structure of the matrix 
it builds for a sample problem, where there are five grids (i.e., m«5) and three schools (i.e., 
n«3). 

Figure 6-1 indicates the general form of the array. This array consists of zeroes (0) and ones 
(1) except in two locations. The first is the rightmost column where the student population 
per grid (pj) and the capacity of each school (c.) are entered as shown. The other is the 
partial diagonal where negative ones (-1) have been entered. These values account for the 
artificial variables that are introduced in performing the Phase I, SIMPLX algorithm. A 
detailed explanation of the role of artificial variables can be found in the Theory of Linear 
Programming .^** 

FIGURE 6-:l BOUND MATRIX 
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The two groups of rows correspond to the two classes of constraints in the original problem. 
The first m rows correspond to the population constraints of the m grids. The last n rows 
correspond to the capacity constraints of the n schools. The ones in the first mn columns 
represent the coefficients of xy in the sums of th*? c:t)nstraints. The remaining ones and 
negative ones in the array account for slack or artificisJ i/ariables as needed. The total size of 
the array is m+n+1 rows times mn+n+2m-^2 columns. An extra row not shown in the figure 
is included for the cost function. 

Once the array has been built, BOUND calls SIMPLX with the parameter IPHS-1. A Phase I 
calculation is performed and the artificial variables are eliminated according to standard 
Phase I techniques. Upon return from Phase I, SIMPLX is called immediately with IPHS-2. 
This time the cost function is minimized and tie optimal solution is found, BOUND then 
prints out the non-zero variables of the matrix in a readable format, 

6.8.5 General Design Those districts interested in establishing attendance zones or selecting school sites that will 
of RBOUND promote racial balance need to consider additional constraints. The previous model may be 

extended to include these additional constraints, ^wvided additional data is available. 
Suppose that B represents the percent minority in the district as a whole and that v is the 
maximum permissible variation from B for any school w the district. Suppose further that 
bj , i-1,2,..,^ is the percent minority in each of the m grids. 

Since ^ Xjj is the number of students in school j, the number of minority students in 
school j must be between the two limits: (B-V) f Xy and (B+V) ^ Xy . 

Since b| is the percent minorifv in prid i, i)| is the number of minority students from grid 
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I who will attend school J. Summing over all grlds^ bjXj. Is the number of minority 
students attending school j. Since this quantity must fall between the limits stated above, the 
two following Inequalities must hold for each school: y b|X,. > (B-V) ^ 



X|j and 



RBOUND is a modification to BOUND that minimizes transportation distance subject to 
BOUND'S basic constraints, and the additional constraints that no school's minority 
enrollment fall below or exceed prescribed limits. These additional constraints have the 
following general form; ^ (B-v-b.) x,, 0 and ^ (b,-B-v) x,. < 0 for j-l,2,...n 
where r, - B-v.b^ and S. - b.-B-v. ^ i i ij 



RBOUND Is organized In the same way as BOUND, except for the revised structure of the 
matrix. The additional constraints are added to the array as 2n rows. The slack variables for 
these sets of constraints are Inserted from columns mn+n through mn+8n, moving the 
remaining columns of the original array 2n positions to the right. These modifications to the 
original array are shown In Figure 6-2. 



FIGURE 6-2 RBOUND MATRIX 
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Conclusion 



The total size of the above array is m+3n+l rows by mn+3n+2m+l columns. Again, an extra 
row is included for the cost function that has not been illustrated. Once the array has been 
constructed, RBOUND's remaining operations are similar to those in BOUND. 

The core requirements obviously grow very rapidly as the number of grids and schools in the 
district increase. As the matrix expands, it will be necessary to reserve more core storage. 
This may be accomplished by modifying the "dimension statement" as outlined in Appendix 
B of the User's Handbook. 

Most school districts have traditionally established attendance zones and selected sites for 
the construction or closing of facilities using an intuitive approach. For many districts this 
technique may suffice. Other districts with a good data base and sufficient money and time 
may want to explore ono of the relatively sophisticated approaches identified in Section 6.2. 

The linear programming approach presented in the School Facility Planning System appears 
to represent a good compromise between these two alternatives. Further practical experience 
with this technique will, in fact, reveal whether this Is true. This testing should consider a 
variety of districts In terms of size, available data, and problem situations. As suggested in 
the analysis section of the Geographic Component, many specific constraints can be 
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examined, such as the desire to equalize Uie distribution of excess school capacity, or 
prohibit a given route to a school. Other policies such as the use of magnet schools or 
resource centers may not be susceptible to analysis with the current package. 

A practical deficiency that must be overcome is the amount of computer time required, 
espocially when RHOUND is used. Continued modifications to the program may be 
neccssiiry to accelerate the coiiverjjenco to « lVasif)!e solution The matrices involved are 
extremely sparse. Storajje compaction techniques could reduce the storajje requirements and 
execution time drastically. More fundamental research would involve an attempt to modify 
and program the stepping-stone algorithm that ii would permit the use of racial 
constraints. Also, an evaluation of BOUN^ a.-,d .'{BOUND (which are free, but relatively 
inefficient) should be made in comparison with the more expensive, but more efficient, 
proprietar\ software in the possession of various servicer bureaus. 

Finally, continued rost»arch into definitions of cost is appropriate, especially in dealing with 
the site selection problem. Procedures must be better developed for conducting the trade-off 
analysis between more school buses, more facilities, and longer walks by children to school. 
Users that develop insight in this area are encouraged to share their findings with other users 
of the School Facility Planning System. 
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Chapter?: Systems 

Utilitization 

The previous four chapters have discussed the School Facility PInnninK SyMem component. 

outlmed in the respective versions of the user's handbook. The purpose of this chapter is to 
demonstrate how the System can be used in a variety of different planning situations Th^ 
chapter IS purposely short. The emphasis is on considerations that might be made 

V r Z"T'''"^' '"'^ ^'"^''^"'^ chapter is designed I suggesTthe 

ver^tihty and characteristics of the School Facility Planning System. This chapte in no wav 
J^places the requirements that the serious user must read and experiment n o^de^ o 
become familiar with all phases of the System. 



7.1 



Initial 
Activity 



ImmnHi ,^ """'"^ T "'""^ Sometimes the problem is narrow and 

3? ' high students that we didn't 

expect or how can we afford to repair th. furnace? Other times the problem is much 
and long range; e.g.. what facility requirements can we expect over the next Hve 
and what fiscal options do we have to pay for them? Often the immediate problem 
. out to be only a .symptom of a more fundamental situation within the schools and 

Chapter 6, Project Organization, suggests that in all but the most trivial cases a siiort written 
statement or guide should be prepared that summarizes Uie problem. thrav ilaM resources 
and the general community situation. This guide would form the initial attempt to an^er' 
the questions that mur>t be answered as part of any planning effort. Edw,rS Gretna" 
categorized these questions as follows: 1 wnru i^rcen nas 



A. 



Where Are You? What is the nature of the activity, organization or business in 
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which you are engaged? What is the larger environment (the legislation, 
governmental policies, and community attitudes) in which you operate? What can 
be accomplished within this environment? 

Where Do You Want to Go? What long-range goals and tangible objectives does the 
school district want to achieve? On what assumptions are these goals and 
objectives based over which the district has no control? 

^' How Do Yo u Want to Get There? What general strategies and policies should the 
district consider? What specific problems and procedures might be used to 
implem-.nt them? 

^- When Do You Want to Arrive ? What schedule should be established? What 
priorities should be assigned among competing programs? 

^' How Much Will It Cost ? What financial resources will be necessary and when, to 
support the facility plan? What policies and assumptions are the fiscal projections 
predicated upon? 

The final answers to these six questions will be possible only at that point at which the 
superintendent and school board are ready to select a plan from among the available 
alternatives. However, consideration of those questions should begin from the start. Based on 
the initial answers, a res^-iiich team can be assembled, responsibilities assigned, and a 
schedule established. 

The research team, be it one individual or a largo committee, must make tentative decisions 
at an early date with regard to four issues: 

^- The Manual or ComputepBased Version . Both approaches have strengths and 
drawbacks as discussed in Chapter 2 of the computer version. The computer-based 
version probably involves more initial Investment In time to make the System 
operational. It has the fiexibility and speed to justify this investment when a 
district anticipates a major annual planning function. A compromise approach that 
may develop over time would involve selecting the computer-based approach, but 
sending the desired tost data to a remote facility, such as the Council of 
Educational Facility Planners, where the System has been installed. One or two 
major school districts within a metropolitan area might also provide this service to 
neighboring school districts. 

^- The Plannin g Horizon. The length of the planning period will be important in 
deciding what forecasting techniques to employ. In turn, it should be Infli^enced 
by the nature and magnitude of the planning problem. As noted in Chapter 1 of 
each handbook, two dates are actually important, the final year of the planning 
period (the planning horizon) and the year on which the decisions will focus. 
Population and fiscal forecasts must be discounted like all other projections. There 
is much more certainty regarding the early rather than later, years cf the forecast. 
Furthermore, providing facilities that will satisfy the community in the next 
several years is more important than satisfying the community twenty years from 
now. In summary, the user may want to make projections for a twenty or thirty 
year time frame, but plan facilities geared to the student population In a much 
shorter time frame. 

^- System Components. The chart in Chapter 1 of the handbook emphasizes the 
interdf^pendence, but also the independence, of the four components. All may be 
used in concert, but one or two may be selected if only they are required. Each 
component requires certain data, of course, but it may be supplied from an 
independent source, as well as by the calculations of another component. The 
desirability of using each component must be examined in the context of the 
district's problem, available data, and available time. 



bv .^ir T ' ^ enrollment on a district-wid. ba,isor 

all Snio?!i^h "ch'h T «q"in>ments can be determined for 

ftuAZlJ 'he students in a particular school, or for just the 

students expected to enroll in industrial arts or some other course. Operating and 
capual expondUures can be developed on a district-wide or single schooTS 

^.nn'inT'j^- T^l'" ""^''^^ "g^t of the problem. In general the longer the 

i^onffo" th Lrffvf ""^ ''7'' ' '^'^'"'^ may wa,!? detlail'd 

or twenty yets P'^°j<''="°"^ '"e subsequent fifteen 

v-napior J and the handbooks, the tcchniquo(s) should be selected in lipht nf th. 

ZnZ ]'^T'"''"''' P^"^"^^ ^"'^ <^ata. ConsidrratronTf seteXhnoue 

will typically be favored over dependence on just one. techniques 

The variation produced by different techniques is dramatic. Figure 7-1 illustrates a series nf 
iZtTf "-'"'"P"'^"""^ based on the same historic^ daL ^ra rapSi? ZZlnl 

school district. The district grew from 8.492 average Jaily attendance In IQ^S to 21^00 in 

FIGURE 7-1 ALTERNATIVE TIME SERIES FORECASTS 



1. Linear Projection 

2. Exponential Projection 

3. Modified Exponential Projection 

4. Modified Exponential Projection 
(with asymptote - 24,900) 

5. Logistics Projection 

6. Lcrgistics Projection 

(with asymptote •» 26,000) 

7. Gompcrtz Projection* 

8. Gompertz Projection* 
(with asymptote - 24,900) 



1980 


1985 


1991 


31,977 


39,424 


48,360 


45,127 


74,701 


136,770 


24,172 


24,970 


25,353 


23,823 


24,471 


24,758 


22,937 


23,071 


23,094 


25,092 


25,746 


25,946 


23,667 


24,050 


24,166 


24,1'40 


24,664 


24,843 



^3Z:Z^Z^^^::,:" ^^--^-^ omy through 



The dangers of mindless extrapola„„n ,rc npp.ron.. Wi(h.„.i knowin.- the di^Wct's 
characteristics, .t is not po.«ibI. lo ...y whi.h ..f thr ,i,n,. ,„„.„ proj Uons ar m^^^^ 
ea.v,nabie Some, such as the rxp<,nn,tial rurvo. aro liW-lv ... nroasonabie 
ong.range forecasting situation The „so of n . nnilinr.nr Irrhni,,.... .ipp-nrs mo e acceptable 
in a long-range situation, especially sinr,. thr u.-r ,prrl .n nppmximai holdin. 
capacity- (asymptote) which the oxtrnpolmion ...ould „ot .xcood. No„. IZZt^ 'Z 
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techniques can actually shift the direction of the forecast. Thus, a forecast of continued 
growth (or decline) leveling off, and then actual decline (or growth) would have to be made 
using one of the other forecasting techniques. 

Time series techniques have another characteristic that may cause concern in very 
short-range forecasting situations. Suppose that the historical data has fluctuated so that in 
certain years there was a rise or fall from the previous year running counter to the overall 
trend. In these situations the first, and possibly second year, of the forecast may be below or 
above what would be reasonably expected. For example, in the illustration above ever 
though z least square linear projection anticipates a climb from 21.600 in 1974 to 31,977 iu 
I'jSO (an average of 1,730 per year), the 1975 projection might be considerably below 
23,330 because of the distribution of the historical data. In such short-range situations a 
cohort survival projection might provide more acceptable figures. 

The ratio technique and dwelling unit multiplier technique are alike in many respects. Unlike 
the time series techniques, the ratio and dwelling unit approach depend upon accurate 
independently derived forecasts, projected students or population for a larger area in the 
nrst case, and projected dwellings by type in the second. If these independent forecasts are 
poor, the enrollment forecasts will suffer. The techniques also can fail if the ratios applied 
against the independent forecasts are inaccurate. In the Hrst technique the ratio between the 
district's enrollments and the larger area's population must be estimated. In the second case 
the ratio of public school students to each dwelling type must be calculated. 

The ability to var>' the ratios means that the projected number of students will not 
necessarily be positively correlated with the independent variable projection. For example, a 
small, slowly growing district has projected that its single family housing stock will increase 
by 260 units, and its multiple family housing stock will increase by 1 15 units during the next five 
years. However, the public school student yield is expected to decline in this aging 
community from 1.83 to 1.54 for single family units and .19 to .04 for mulMe family 
units. (The new apartments are expected to be primarily small units for eildcrly residents.) 
Therefore, even though the total housing stock will increase from 6,989 to 7,363, it is 
projected that the district's student enrollment will decrease from 11,986 to 11,133 bv 
1980. ^ 



7,3 



Facility 
Analysis 



The Facility Component determine.s space requirements in light of enrollment projections 
and school district standards. It may also be used to evaluate the impact of alternative school 
district options. The effect of changing one or more standards or of adding or deleting 
physical space can be examined for each year of the planning horizon. 

The Component can be used to analyze very broad or very narrow space requirements as 
determined by the user. Policy variables that may be manipulated by a district include: 

Subjr n Area -This may be defined to include all courses in a ^iven school, or in all 
schools; only one course, or a grouping of courses, with similar space requirement 
characteristics. 

Course Enrollment — T}ie number of students that sign up for a subject area (which is 
defined to be one or a grouping of courses) will Huctuate with student tastes, state 
legislation (e.g., requirements that all students take state historj- or gymnasium, etc.) 
and school board policy. 

Course Peri ods Per Week -Many courses meet daily or five times per week. Others 
meet two or three times per week. When a subject irea is defined to include both kinds 
of courses, the average number of periods per course is likely to be a number such as 
4.73. 

Number of Periods Per Dav - Most schools typically have five or six periods per oay. 
Those on staggered or double sessions would have more. 
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Number of Days Per Week - Most schools typic.-'; - are in session ttve days per wwk. A 
work-study program could o-ncoivably be differ.-iU. .Mote that this variable and th- one 
above are combined into one vaj:i.-:b!e - periods [. week - in the computer version. 

Utilization Rate -Teaching space may be i:sed for study hails, : tracurricular 
activities, storage, and Pir.ny aclditional activitits. The utHization rsw is a factor that 
can be modified tn vp.-y number of elassroomj avaiiab'e for sucii flexible uses. 

Fxisting Teaching Siayon£nLgS"a::!L£££.t " number of rooms or amount of space 
cor.sidon^d .-idef iiate for teaching ma/ be adjusted by adding space (e.g.. potential 
facility cor.;tru.jtio'\ rchabiliUtio.i, or leasing) or .y deleting space (e.g., potential 
facility closing). 

Desired StudenU Per Teaching Station -Thn school adminibcration may consider a 
variety of alternative standards as to tJie desirod students p?r room. 

Desired Square Feet Per Student - Thn.». districis that conduct analysis in square feet 
must prescribe astand£ad which can be applied. 

Required Dailv Course Load Per Teacher - Thi. variable is neces.sary to determine the 
requrcd number of teachers per subject area. In most instances required classrooms will 
be different from required teachers because teachers arc usually not available for every 
period of the day. 

The Facility Component has been executed in a variety of hypothetical settings. The 
variation m the number of students that can be housed in the s^me physical space is 
impressive, especially when the di.strict is willing to consider double stssions a twelve-month 
school year, and other major policy shifU. Figure 7-2 indicates alte i.ativo teaching space 
requirements for a 1980 projected junior high enrollment of 2.731. In Figure 7-3 the subject 
area has been defined to include just business courses. It is projected that about eleven 
porrent (1,639 -4- 13,655) of all course enrollment will be devoted to business subjects in 
1980. In this instance, space considered suitable for business courses has been measured in 
square feet, rather than in classrooms. 



FIGURE 7-2 ALTERNATIVE TEACHING SPACE REQUIREMENTS - 1980 



Options 


R^uired 
T.S. - 


Subject 
Area 

Enrollment 


Desired 
Students 
Per T.S. 


A 


106 


13.655 


24 


B 


75 


13,655 


24 


C 


98 


13,655 


26 


D 


100 


13.655 


24 


E 


91 


11,749 


21 



Course 

Periods Periods Days 

Per Week Per Day Per Week 

5 6 5 

5 8 5 

5 6 5 

5 6 5 

5 6 5 



Utilization 


Existing 


Rate 


T.S. 


.9 


95 


.9 


95 


.9 


95 


.95 


95 


.9 


95 



In Figure 7-2, Option A utilizes the exi.sting school district standards of six class periods per 
day. five days per week, with an average class size of twenty .four students per cla« and a 
utilization rate. of ninety percent. A deficit of eleven teaching sUtions is projected for 1980 
using these existing standards and facilifi-s. In Option B, the school district examined a 
modified staggered session policy which would expand the number of class periods per day 
to eight. This would increase the available class periods per week by one-third, thereby 
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replacing the projected deficit with an expected excess of twenty stations. A third 
alternative is to vary the average number of students per class. Option C reflects the 
consideration of twenty-six students per teaching station to derive a projected need for 
ninety^ight teaching stations. Option D concentrates on the utilization rate adopted by the 
school district. If class scheduling could be modified to use the existing classrooms at a rate 
of .95, then the required number of teaching stations would be 100. A final alternative 
considered by the school district would be the initiation of a work-study program, whereby 
a certain percentage of the students were off-campus for one or more periods of the day. 
This policy would reduce the number of required teaching stations. In this situation, the 
assumption vras made that one-third of the students would participate in the work-study 
program. As a result, only ninety -one teaching stations would be necessary. 

The same kinds of options are available to determine space requirements for more narrowly 
defined subject areas such as business courses. In Figure 7-3, existing space considered 
suitable for business courses has been measured in terms of square feel. The district's 
standard for square feet per student replaces desired students per teaching station in the 
calculations. Option A indicates that a considerable space deficit is likely in 1980, given 
existing standards and facilities and the projected business course enrollment. Staggered 
sessions (Option B), reduced square feet per student (Option C), and a higher utilization rate 
(Option D) are possible alternatives that would reduce the size of the deficit. Option E 
simply examines how the situation might be altered if additional space were devoted to 
business courses. In this case, 1,650 square feet of space is proposed for conversion from 
academic to business use in order to reduce the space deficit. Each option in the above 
examples allowed only one policy or standard to vary. Obviously, two or more variables 
could be changed at the same time. In testing alternativo plans, the district must determine 
which policies can vary and the degree of variance which wouid be acceptable to the 
community as a whole. 



FIGURE 7-3 ALTERNATIVE TEACHING SPACE REQUIREMENTS-BUSINESS 1980 



Options 


Required 

Square 

Feet 


Subject 
Area 

Enrollment 


Square 

Feet 

Per 

Student 


Periods 
Per Course 


Periods 
Per Day 


Days 
Per Week 


Utilization 
Rate 


Existing 

Square 

Feet 


A 


6,336 


1,639 


22 


5 


5 


5 


.96 


4,400 


B 


4,752 


1,639 


22 


5 


8 


5 


.95 


4,400 


C 


5,760 


1,639 


20 


5 


6 


5 


.95 


4,400 


D 


6,138 


1,639 


22 


5 


6 


5 


.98 


4,400 


E 


6,336 


1,639 


22 


5 


6 


5 


.95 


6,050 



7.4 Fiscal 



f'^scal Component addresses perhaps the most complex element of school facility 
Analysis planning. The Facility and Geographic Components involve complicated calculations, but 

relatively little uncertainty. They essentially translate one set of projected conditions into a 
second set. Projected students are translated into required space (Facility Component) and 
expected "transportation costs" (Geographic Component). The Enrollment Component 
involves substantially more uncertainty, but because demographic trends are usually gradual, 
historic data often serves as a useful guide to the future. Fiscal trends are substantially more 
erratic. 

No analytical technique caji accurately predict the impact of inflation, the teacher's union, 
the local electorate, or state representatives. Judgements regarding next year*s effect of these 
and other forces on the school budget are extremely difficult, let alone the effect over a 
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ten-or twenty-yoar planning period. Therefore, the Fiscal Component exist,- primarily to 
explore the probable impact of alternative conditions. The user is helped in understanding 
irSn"^!? happen if a bond issue was floated, the tax rate was cut, the legislature changed 
lis allocation formula, or if any of numerous other contingencies materialized. 

in,rn!p!!L''"r"*'"'^'^"""'^'^ '° •^"'"Ponent to specific district situations. The 

fo e^ep nmn '"'"''"8 not bonding capacity can be disregarded by those districts that 
huiWil I T °' ^^"^ "0 restricted by debt limitations. Similarly, 

bu.ldmg costs forecasts and selected revenue or expenditure forecasts will be inappropriate 

catnTrLTf; ^J^^ ""^"^ '° redefining the revenue and expenditure 

cateprries so that they coincide with their district's set of accounts. 

TL^°r,'^'\ 1 °P''"*"'^'''^ regarding specific forecasting techniques in the Fiscal 

St k" components. As noted in Chapter 5. many expenditure 

Ltries nr nhv I' ' '"dependent forecast of students, teacher 

TilrX ^^^u"^ Experimentation within a given district will be necessary to 

DowT In 1 nf. r ' independent variables, has the most predictive 

sl^re fn V ^'^."^=""2 situations, users are encouraged to apply the exact local and 

in the handbooks ' '°"""""''y- ^t''" 'han the general approaches outlined 

Tlie handbooks' approach to inflation is to recommend that costs and revenues be increased 
innlr P.?i"r M ^yP^^^'^tical inflation rate.s. Generally an exponential, rather than 
cTlcul'.Hnr- . ."^f f°'^''"=ting situations. Some users may want to perform all 

^"'^ ''"^ ^^^'^ - ^^^'^ wou^ i„vo.ve the 

A. Discount historical expenditures by determining the inflation rate for past years, 
selecting 100 as the index for the current year, and subtracting the rate from the 
index to determine the previous year's index. 



Example: 

1973 1974 

Inflation Rates .06 .08 

^^^^ .85 .93 



Calculate deflated dollars by dividing the index into the actual expenditures for 
previous vears. 



previous years 

Example 



Actual Expenditures (1.000) 
Deflated Expenditures (1.000) 



1973 


1974 


1975 


583 


675 


690 


686 


726 


690 




^675 ^ 
* 


.93 


I583 


.85 





B. Project future oxpenditurps in constant dollars. 

C. Multiply the projected expenditures by an inflation rate of the user's choice. 

?nn'Lr"f H '° ' '^^=""6 inflation that involved 

inflating students." The formula would lake the form: students x (1+r)" where r was the 

ZZt: TV^"" " ''^ """"^^ y^"^ '"^^ f"'- which the pro'e^tLn 
S ""ade When multiplied times a unit cost per child figure, this number would yield 

LmpI ' °^ ^'"'^^"t^- """^^ traditional approach to 

achieve the same goal would require inflating the unit cost per student figure and then 
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multiplying times projected students. 



Much of the relevant fiscal analysis cannot be conducted in a predefined modeling 
framework. Analysis of potential savings inherent in closing or constructing one school 
rather than another must be examined on a case-by -case basis. In the construction situation, 
economies of scale, the cost of land, the cost of materials, and numerous other factors must 
be examined. In the school closing situation, utility costs, resale opportunities, 
transportation insurance, and similar concerns must be examined. Most of this kind of 
detailed analysis Is not especially assisted by thi^ School Facility Planning System except as a 
means of recording and comparing the findings associated with different alternatives. 



GeographSc The Geographic Component may be used to redefine attendance zones or to examine the 

AnalysU transportation Implications of various sites for construction or closing. It has been tested for 

several small and medium sized districts. The manual version has been found to be 
potentially useful, though laborious for any but the smallest districts. The computer version, 
especially RBOUND, has uut had sufficient testing to establish its relevance. The amount of 
computer time required to reach the optimal solution is as yet an unresolved concern. 

A summation of one hypothetical problem analyzed using the manual "stepping stone 
approach" follows. 

Experiencing a substantial drop in enrollment and revenue, the school board decided to 
"mothball" one elementary school indefinilely in an effort to cut operating costs. The board 
was inclined to close elementary school Number 1 because of its age and inefficient heating 
plant. However, it wanted to explore all elementary school closing options in an effort to 
decrease costs as much as possible and to minimize student travel time. Historical operating 
costs were available for each school; thus these .savings could bi readily determined for each 
alternative site. The other major factor to be considered was total student travel distance 
given each school closing alternative. 

Following the procedures outlined in Chapter 5 of the User's Handbook: Manual Version, a 
distance matrix was prepared indicating the estimated students in each grid and the distance 
from the centroid of that grid to each school (see FiguiL 7-4). Then total student travel 
distance was calculated for each alU^rnative school closing. In the first alternative, 
elementary school Number 1 was dropped from the matrix nnd the steps completed with 
new enrollment projections per grid (see Figure 7-5). Tlje grid enrollments were assigned to 
the closest school resulting m school Number 2 having an excess capacity of seventy-five and 
school Number 3 an excess capacity of twenty-five. Values for blank squares were 
calculated, They were all positive, indicating that the optimal solution for this matrix had 
been reached on the first i.'^ration. Using the same procedures, blank square values were 
calculated for each of the o:her two school closing alternatives (see Figures 7-6» 7-7, and 



Closing school Niimbv/ mtooI board's initial choice, would result in the highest 

distance traveled by all students (1,900). Closing school Number 3 would lower the total 
travel distance to 1,425. However, the most "efficient" alternative would be to close school 
Number 2, thereby resulting in a tot^l travel distance of 1,175, Closing school Number 2 
would also produce the most efficient use of buildings in terms of excess capacity. There 
would be no excess capacity associated with tiiis alternative; whereas closing school Number 
3 would result in an excess capacity of 50 and closing school Number 1 would produce an 
excess capacity of 100. 

Based on a number of factors including operating cost, age, safety of structure, and total 
travel distance, the school board decided to close school Number 3. In short, the board felt 
that closing school Number 2 would leave no room for expansion if enrollment suddenly 
increased in the future. Although closing school Number 1 would yield the greatest savings 
in operating cost, the district was not willing to accept the hazards and costs associated with 
this alternative's increased travel distance. Total student travel distance is only one criterion 
that should be considered in potential school closings. The most efficient or economical 
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alternative may not be the wisest or safest choice. 



Note: 

^" Sf'I^rcK?"^"' Book for Corporate Planninf, Planning Dynamics Corporation, 

Pittsburgh, Pennsylvania, 1970. 
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FIGURE 7-4 ORIGINAL SCHOOL DISTANCE MATRIX 



FIGURE 7-5 

SCHOOL CLOSING NO. 1 ALTERNATIVE 
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FIGURE 7-6 

SCHOOL CLOSING NO. 3 ALTERNATIVE 
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FIGURE 7-7 

SCHOOL CLOSING NO. 2 ALTERNATIVE 
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FIGURE 7-8 BLANK SQUARES' VALUE CALCULATION FOR EACH ALTERNATIVE 
SCHOOL CLOSING 



ALTERNATIVE 1 

A. ^5-0+0-3-+2 

B. +2-0+0-l = + l 

E. +5-0+0-3^-^2 
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ALTl-RNATIVE 3 

A. ^5.1 + t.3-+5 

B. +t4+^2-+5 

C. +4-3+.M =+5 

D. +04+4-0-+3 

K. +5-1 + 1-2-0 

( ) 
J o 



ALTERNATIVE 2 

A. -»5-2+3-l-+2 

B. +4-2+3-l=+4 

C. +4-2+3-2-+3 

D. +5-3+24=+3 




Evaluation 



rh,s chapter pn-sents a summary of responses to a prcliminar>- draft of the School Facility 
P ann.ng Sy.stem It .s based on inforn,ation roceiv.d during severa- evaluation sessions and 
on a quest.onna,re distributed to public school administrators. The chapter is a compos te ^ 
the .vsponses and recommendations offeredbythe.se sources. ompos.ie ot 



Introduction he .mportance o a detailed .valuation was recognised as fundamental to the successful 

development of a long-range capital planning and budgeting .system. Phase Six of the gnn 

3nt r.r^f '° "'^'"^^^ both the manual and cLpute S 

orsions. in the Spring of 1975 it became clear that a full scale evaluation of both new 
.system., could not be conducted within the scope of the project. The decision was mad to 
concentrate on the manual ver.sion, and to ,imit t.st:ng of the computer-ve io to evi w by 
the onsort.u... members alone. Unfortunately, time and budget limitations required t arthe 
manual version be a.t.qued quickly by a relatively small number of indivfduals. Of course 
the cont.nu.ng rev.ew by a large Project Review Cornmittee, the consortium members and 

throws; tt^oie"'" - 



Salua fo^^ T^Toughout the process of developing the School Facility Planning Sv.stem, the con.sor-^urn 

^otL 17lT ^'rl' ""^ incorporated the ideas of many professionarcon.su tants, teac.r 

and adm.n,strators. A particularly valuable source of ideas was the Project R.v iow 
Committee wh.ch consisted of school officials, professional planners, and university facuity. 

Two questionnaires, one distributed to .school districts across the nation and one distributed 
to state offices of education, and interviews with twenty St. Ix,uis area school ndmiSra^^^^^^^ 
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provided much of the preliminary information. Although many of the superintendents 
appeared enthusiastic about the forthcoming project, some were skeptical because of 
difnculties arising from the unique characteristics in each school district. 



Project Review Committee meetings in October, 1974, and April, 1975, reviewed 
development proposals and draft documentation for the School Facility Planning System. It 
was reported that the usefulness of such a system depended upon a complex number of 
factors including: accurate short-range and acceptable long-range enrollment projections; 
future construction and operating expense projections as related to facility needs; analysis of 
existing school plants using professional and community leaders; criteria and standards for 
ever changing educational programs; the economic, social, iiih\ political climate within the 
school district's community; and the technical competence of the educational 
administrators. The need for an approach which explicitly incorporated the concept of 
uncertainty and described theSystem in terms that school administrators could comprehend 
was readily agreed upon. The desire to have a planning system which would be 
comprehensive and yet modular with regard to organization was also expre.ssed. 

At the final meeting in St. Louis the Project Review Committee examintL. i draft of the 
proposed system in order to offer recommendations prior to field testing. Concern that the 
final draft be sensitive to the var>ing levels of sophistication among school .superintendents, 
without being prescriptive or verbose, was noted. It was suggested that, except for certain 
data requirements, the System need not have a sequential or linear relationship between 
components. The theme of uncertainty w,is recognized as needing additional emphasis in this 
version of the User's Handbook. 

At this meeting the computer version of the School Facility Planning System was also 
discu.ssed. Suggestions focused upon an examination of enrollment forecasting alternatives 
and computer methods for solving problems particular to specific public school systems. The 
importance of testing both versions of the System for a variety of .school district situations 
was emphasized. 



8.3 Final 



Evaluation of the final draft of the School Facility Planning System was the responsibility of 
Evaluation— the Department of Education, St. Low" ; University. A committee of one faculty member and 

Manual Version two graduate students was formed to initiate this process. It was agreed that examination of 
the System by graduate students in school administration, the development of a 
questionnaire to accompany drafts of the documentation to a sample of public school 
administrators, and tabulation of the responses would result in objective feedback about the 
model. 

Ten graduate students in school administration examined the proposed mode! in April, 
1975. Their purpose was twofold: To review the draft for d?ficiencies in the computational 
formulas and writing styif, and to submit items for inclusion in the evaluation questionnaire 
for school administrators. During the discussion session, which was taped, several chapters 
wore reviewed with Enrollment and Facility Components generating the majority of ideas. 
Thr r^<^!hod for computing facility needs using a measure of square footage was questioned 
for ( . Further explanation of terms such as ^'utilization factor" and **basic capacity'' 
was r. i .,ied. General agreement was lacking as to who would complete the data collection 
assignments necessar>- for school planning. A simple presentation was recognized as more 
likrly to be read by busy school personnel. The suggestions were presented to the 
consortium with the recommendation that they be incorporated into the final draft. 

8.3.1 Evaluation An evaluation questionnaire was developed with the a.ssistance of graduate .students and the 

^^^g^ Evaliialion Committee. After examining the specifications of the propo.sed s\'stem. items 

were written by students of school administration for each of the seven chapters. Items were 
reviewed for their con.sistency in addressing the face validity and reliability of the 
techniques, as well as the clarity of the instructions and ease of implementation for each 
component. The chapters were examined so tl.at sets of independent items related to 
specific content were included in the questionnaire. Since the need to ask a limited number 
' questions was recognized, between ten and twenty-six statements for each chapter were 
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8,3,2 



Sample 
Population 



8.3.3 



Limliations 
of the 
Evaluation 



aiuoed upon. Respon.sos to cuch sLatrmont were requcsLod on a continuum of one Lo seven, 
ranginit from 'compleLriy disagree** to "completely agree/' Additional space was a.iowcd for 
comments. The evaluation instnmient was then reviewed by members of the County 
Ucpartment of Planninj^ where minor changes to several items were completed. 

The revised draft of the School Faeilily Plairning System and the evaluation questionn: :e 
were distributed durin^r Au^uist, 1975. Packages eonsisiiMj^ of the document, a cover letter 
oirectioM.q for completing the evaluation, Ihv questionnaire, and a return envelope werJ 
m.iiled to twenty tive school superintendents and five university persons or Project Review 
U^inmituv niembers. Fourteen school districts w(>re selected within metropolitan St. Louis. 
1 lese varied in terms of si/e, social mniposition financial resources, and human capabilities. 
Ihe remaimnr^ sixteen districts nr riidividiials chov. were assumed interested in the project 
irom an earlier communication and jud^red highly likelv to offer feedback. No formal 
attempt was made to determine the demographic charach>ri.stics of these school districts, but 
tliey included a broad geojrraphic n^presentation. 

Of the thirty persons receivin^^ the evaluation packet, fiftv-three percent returned the 
questionnaire within the next thirty days. Sixty percent (3 of 5) of the university or Project 
.. view Committee responded, fifty-Mnen pc:rent (8 of M) of the local school districts, and 
ori>.i,v,> poreent of 11) of those outside metropolitan St. Louis. The limited number of 
return.s was dlsappolntln^^ but understandable piven the .si:^e of the reading assignment, the 
ans.nce of any financial incentive, and the time of year, i.e., vacations and the beginning of 
1 Q-"''V f ''7'*?'''''' ''^ ^^''^ respondents' evaluation and comments regarding the August, 
/ o. dratt of the manual version of the Scho.! Facility Planning System follows. Note that 
thrFaU of 197T*''^ ^'Jfl^I^^stions were incorporated in the handbook's final editing during 

The instructions requested that each chapter be reviewed and evaluated separately, ft was 
suacrested that various st.,ff members review the .system components with which thev were 
most lamihar. I he evaluation results were Unnu^d because of .several factors' 



By its ver>' 
limitations. 



nature the forrrt.i of the questionnaire has basic assumptions and 



Several respondents did not return af! soven of the evaluation forms. N-16 is accurate 
exeopt where noted in the tables. 



8.3.4 



Evaluation 
RosulLs 



Respondents chose not to answer several items on the evaluation 
these Items were marked N/A ana recorded by the evaluator. 

I he scaie used and the small number of returns made uniting .so res 
but also broadened the interpretation. 

The number of returns, aithoiii-' . 1 '-h in percentage, was very limit d. 

As a result of these factors, cspeci.'! rv the small sample si/.c. readers must 
«nterpn-(ini: the dnta. A more int nsive :ind broader-based test must be 
conclusive judgements re^ardin^. ^he System are made. 



sheets. '1 ; i ere fore. 



ni(\aningful 



'xercisr- t.-aution in 
conducted bef(5ro 



The results of the qiiestif)nna!re have b(»en summarized bv pre.senting the actual sheets that 
were distributed (Fic^ur S. I to Hw). The only difference is that instead of listing the 
c-nntmuuni from one (rt,rnp;eteiy di.<vigree) to seven (cornplet^dy ajiree) as presented in (ho 
questionnaire, the number of responses associated with each number on the continuum has 
^)(*cn listed. Thus, if six individuals indicated that they completely agreed with the first 
statement by circiini; (he number seven, a six has been n^corded'in that v'olumn. If no 
respondents circled number four (i.e., none were completely ambivalent) then a xero has 
b<^en recorded in that column, etc. 

In addition to the response Uibulations, some of flie commenis have been included. Those of 
cours^^ repre.vnt individual opinions. Most of the routine comments have not been prints !. 
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Chapter One: Introduction . The introduction to the School Facility Planning System 
(SFPS) was generally understood and accepted by schccl administrators (See Figure 8-1). 
The tenninoiogy and organization of the material were apparently viewed as helpful. The use 
of graphs and charts to illuminate the interdependence among components was considered 
less successful. 

Eighty percent (12) of the respondents agreed that the rationale for developing the School 
Facility Planning model v as explained adequately. Two were uncertain, and one thought the 
rationale could be improved. There was general agreement that the SFPS's end-products 
were clearly stated but lc.-;s concensus that the processes for conducting the analysis were 
adequately explained. One respondent was not certain whether the introduction to the 
planning process should be included in the chapter but felt, if such was the author's intent, 
that the interdependence of components needed clarification. 

School administrators tended to agree that the advantages of the System were more 
adequately stated than its limitations. Interest in the possible implementation of the SFPS 
was varied, but few reasons were offered to support these views. One person, a member of 
the Project Review Committee, suggested that the information helped emphasize the need 
for a systematic approach, but that the introduction cMdn't do the total System justice. 
Seventy-three percent (11) of the respondents indicated that the material did sustain 'heir 
interest. 

It should be noted that the material on uncertainty (Section 1.4) war^ not in the chapter at 
lr>'i time of the evaluation. This section was moved forward, after subatantidl rewriting, from 
CiiJipter 7, at the s'l^gestion of tlie National Science Foundation. 

C!!apter Two: Enrollment Component - Responses to the Enrollment Component indicated 
general understanding of and agreement with the explanations and the techniques (See 
Figure 8-2). Generally, the administrators agreed that the material war written and organized 
for implementation by school personnel. There was slight disagreement as to the value of the 
charts and graphs, with seventy-five percent agreeing that they understood. More than 
seventy-five percent of the respondents agreed that the techniques appeared reliable, that the 
examples were helpful, and that the caveats sufficient. Interest toward implementing the 
model waned in comparison with Chapter 1, possibly because of the volume of instructions, 
thi' time commitment necessarv', and/or the availability of human resources. On average, it 
v.as estimated that the 'Vcrk h^'.uis" required to complete the tasks a.s.'^igp.ed in the chapter 
would be beyond sixty hours. 

Explanation.^ of the various techniques in Chapter 1 were regarded, in general, as 
siitisfactory. The cohort sur\ jvai and ratio methods for euro'', 'ont projection were sufficient 
for cighty-oTn percent of the i-espon dents. Explanation,s of the time trend projection, 
dvrolling unit multiplier, and qoographic distribution teclmiques for orodicting enrollment 
won considered slightly less satisfactory There appeared to bo ^ need to str'ngthen the 
• >:pianation for projecting r:.cial composition of fuLure enrollment patterns. 

Kxajni nation of the set of evaluating rtoms for collecting historical data revealed slight 
...TcrtMccs in agreement. The cohort survival method and the geographic distribution of 
future enrollment v/ore considered techniques where data could bo assembled most readily. 
Curiously, the time trend projection, ratio method, dwelling unit multiplier, and enrollmer.t 
by ^Tade level techniques were believed to be methods where historical datn would be more 
difficult to colloct. Historical data for projecting the racial composition of future enrollment 
appeared to he the most difficult to gather. Fifty percent of the respondents were either 
undecided or thh item unmarked. 

Kstimating confidence inter;als was reported as superficial by one respondent and appeared 
loss than sufficient for fifty percent of the scho^-?! porsor-^el. Although historical data was 
not recognized as a problem, the response to this technoue su^gpsted the need for additional 
explanation or deletion. 

8."i 



^BR'SL. ;^trrv:. Facilities Compunent. Chapt^^r 3 of the- S'-. rem wai 6es: icd to help school 
adminivraror. ,Kz:r,i^o the impact of v}.*>vcUd .:rcM r,-: . t levels on future facility needs, 
from the evaluation questionnaire, it is evident I'nst ti::- information was understood the 
terminoJe^' was co/i distent, and t!ip sub- heading M^quo!'-e helpful (See Figure 8.3). Tliere 
was lor^ agreement among the responrc-nts as to %^ t .. .h. - 'he charts and forms were valuable 
and wh--ther the chapter wa.s written for implementr ' -r: school personnel. 

Soventy-fivo percent of the rixteen persons returning the evaluation instrument agreed that 
they understood the geriorai design of the Facility Component. Four respondents were 
uncertain a£ to whether a sufficiently clear description was offe---! Several comments 
provided if.Sights: 

Because of the size of this District and varieti* >hapes, s^es and types of 

scirjois, it would be extremely valuable to have . vhich gives a complete and 

realistic answer for each individual situation. 

M.:ny considerations related to age of facilities and SN'stems (heating, exterior, physical 
pl^iit. cr -'fp :„ ) were not covered. Tradeoffs of long-range planning versus 
:mrTied:at.- ; oaid be covered in more depth. There must be case studies you 

could drj'v, ' ;iislr::te this struggle of long-range vs. immediate needs. 

V^e are a i:ir^t- clj.strict with 235-^ schools, a lar^e construcr un-rebuild program with 
curreiiJ !y deeliiung enrollments and a future projected upswing; we need something like 

i h 1 .•■ . 

O-nciiclly mis chapter seems like a refugee from programmed leaniin^! Like most of the 
.)thr.: material in the series, many pages and hundreds of words are used to explain very 
z.r^plo eor.cepts-eonsequently the concepts seem to get complex, 

rh( ror\ci-p{ of *^ievel of effective enrollment" was reported as useful, though some believed 
L^lac the (ierinition and process for its calculatirm could be improved. Nine persons were ui 
swf-ht aL^eemenL that the concept was clearly defined with five others agreeing more 
•.fr;>nniy. Thirtern of the sixteen respondents agreed that the calculations and the usefulness 
t^r of effective enroPment" were adequate and valuable. 

T'le methods suggested for yieldmg measures of future facility needs were questioned by a 
nui.^her of school administrators. The concept of **square footage" was considered 
suostantially less reliable than the teaching station measure, ^fhe procedures described to 
exeeu?e the third component were apparently generally understood. Calculations appeared 
ierr.:ble for most districts and data calculations were helped bv Forms A and B, though 
fwr-nfy-ftv^ pr^ce-t of t!:n re'-.pondents were unrrertaiu in their undei.tanding of the forms. 

l>nrn,:ulty in enimating the time necessar>' to complete the tasks m this a ;nponent was 
expressed. Ikeause of the numerous alternatives which must ^e considered, a precise time 
estimate was undersUndably hard to achieve. Forty hours or more was lected on the 
average. 

Chapter Four: Fiscal r.'ornnniM^nL Ihis component assists s/:hool adminj.';trators in 
examirnng the to al impljeatj ns of alternative facility plans. It appeared more difficult than 
previous chapters to a number of respondents (See Figure S-\]. The number of responses 
whuh neitiier disagreed nor r.^reed with the evaluation staterr.ents was iiigh-twentv-eight 
percent compared with a low of thirty < n pereent for Char' r 1 Manv of the comments 
received were of a (-chnical nature, sug^it'sting that the compont nt had been reviewed, by a 
number of school business officers. 

Most terhnically sounn chapte r of the nanuwript. WritU^i for the Finance Manager, 
not the Executive leade- of fhe School District. CVr id easily be understood by the 
.S'jper • lendent jf you would lead in with a ea.s.- study of variables effecting item.i/ation 
of fartors to be considercfl. An appendix essentially outlming Chapter 4 could be 
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Much too long. The population will fall into t.vv\/ j^o^PS- One, people who really 
understand and are already using something like this or two, people who won't 
ur derstand this. 

Proc 'd • :: outlined for Items 7. 8, and 9 appears tc- be uiiiored to a large school system. 
In my opinion the process is far too complicated and time-consuming for a small 
district. Projected costs, based on known costs per square foot, cost per student 
enrolled, and existing salar>* scheduit's adjusted to inflation, are better si:''?d to the 
small districts. 

Overly complex presentation of relatively simple formula for projecting various fiscal 
components. 

Not enough discussion of the theory used to project costs. Ne^d more discussion of 
advantages and disadvantages of various methodologies. 

Salaries and benefits can be projected more a':curately by using on-haiid staff as a 
base and computing increments, potential costs of living adjustments, etc. 

The treatment of .supplies and materials and other expense projections is poor. Items 
totaling 10% to 25rr of budget need ^eatcr emphasis. 

Utilities, for e.xample. in recent years have beon highly unstable in price. This is true 
also of many other commodities. 

T\ii' procedures for projecting future costs of consrruction, salaries, fringe benefits, etc., 
an* clear, but to ascertain their validity is questif,nc;b!e. 

The instrument basically appears vai 1, but contains voluminous procedures that v/ould 
probably need to be worked compieteiy through before there could be total 
under: .anding. 

Considering tiie evaluation conrnents and tfie clustering of responses toward the center of 
the continuum, interpretation of the data is difficult. This component was considered less 
undorstandablc and appropriate for implerrtentation than previous components. The chapter 
organization was considered mo.*e complicated than that of oti:er chapters, while the 
sub-heading sequence and forms were reported as wjmewhat helpful. 

Il'.'ms 7 thro'jgh 15 ? the evaluation 'vjeslior.nair?^ had scores which rsr.gfd five to ten 
points lower 'r . • others on the instrument. The high number of **middle response's" on the 
m - :ve resulted from asking a double question, **clear and valid" on the items, 
or an honest un^iTtainty about the System's procedures. 

ri;»» of the sixteen respond -nts did not agree that the procedures for projecting future 
construction costs were clear and valid. Four persons disagreed that procedures for 
projecting linear growth or decline were clear and valid, while .''x-ven were uncertain of their 
answer. Procedures for projecting state and federal r^^vmue were not sufficiently clear and 
valid to four n ^pondents. The proressi?s for project. \ non-linear grov;th or decline . 
translating projected stnictures Into ass^s'ied vah.iation were considered clear and valid by 
approxi.Tiately ei^ht of the r(\spondents and unsati.sfactor>' h , three persons. Six and five 
pernors respectively s.^ re undecided in their answers. The procedure*; for projecting supply 
and service operating costs were clear and valid to six n spondents, eight were uncertain, and 
two disagreed. Nine pers()ns agreed with the valid it' and clarity for proj\ cting revenue from 
local sourcen but again five were uncertain, and two disagreed. 

While the majority of school administrators agreed that the directions for formulating a 
capital plan w»jre clear, the usefulness of the overall analysis provided by the component was 
not certJiin. Nine pers<-ns indicated a midrilr of tht continuum n'sponse. six agreed 



somewhat, and only one completely agreed to the usefulness of the overall analysis 
Complementing the gerprai findings of the evaluation was the fact that five of sixteen 
respondents a, :)cared to lose interest in implementing the System, and four were uncertain. 
Over fifty percent of the school personnel appeared uninterested in completing the SFPS 
after readin^ ±q fourth component. Ti:,;y estimated fifty or more Avork hours" to 
complete the tasks in this chapter. 

In li^ht of the greater concern expressed regarding this chapter, a substantial amount of 
editin- was performed prior to the final typing and printing. Future evaluation will be 
necessary to determine the success of this revision actitivit>-. Perhaps the complexity and 
diversity of school financial operations prohibit the design of a generalized component 
acceptable to m?.ny districts. 

Ciiapter Five: Geographic Co[T..-^nnc^n^. This chapter, presenting a method for establishing 
atu^ndance boundaries and facility sites, appeared to be less understood and less orient^^d to 
school administrators than previous chapters. Figure 8-8 iilusirates tiie difference. 

In. general, the responses tended to aj?ree with the statements on the questionnaire but 
disagreements were more frequent than in previous chapters. (See Figure 8-5). Forms' and 
termmolo^- used in the component appeared questionable to several respondents. The data 
collection requirements and the techniques were also of concern. Onlv fiftv percent of the 
persons agreed to the use. alness of the techniques. Little more than one- third of the 
respondents a^^reed that their interest was sustained toward implementing the total Systen.. 

Estimating the ^Vork hours'' to complete the tasks of the component at over fifty hr 'rs 
the respondents offered a varii'ty of interesting comments. 

The short introduction of Chapter 5. does not prepare one for the tedium uf the 
explanation of the formula.^. Unfortunately the early impression one has is that this 
procedure will require a mathematician to successfully rcach one's final 
objective-^uccessfully esUblishing feasible h undary lines or attendance areas. C ve.; 11 
the reader has the feeling that a somi^ at straightforward procedure ha£. b^ei) 
pri»stnted in difficult phraseolog>'. 

For want of y better analog>— the reader cannot easily ^'see the forest for the trees. ' 

Superficial chapter. Needs much wor;;. There are manv alternatives to :jefining 
geographic b( ularirs than those you cite. 

Urge district will make good use of this. The smaller ones won't understand it or won't 
tr>- to. 

The text does not ^,tate for what size school districts this particuW c;.iipter should be 
u'^^d. The manual calculations are appropriate; using three (3) schools, v/iih 5 
enrollment grid^ accommodatinj: 900 students, seems feasible for manual calculp.tions, 
but to apply tliis to : 2 schools and 30 enrollment grids would give a matrix of 37;i! 
squrires which seerrrs to me to be impractical for manual calciJ-r,ons. Have you mr-.e 
such talcu.'ntions, estimating time involvL j'^ 

W are a la- district. ! found the formula omevhat confusing; perhaps the use of 
rl- U'lvni let for unknoivris wor;M improve* trijs c< nfu^ion. 

We h: a cumputer-hijsed combination pupil ar.-,ii;i:ment, r^icial bahince, bus routing, 
school openifi^ time. -.tc. p.^oct-s:-;. with a feature for options ar :l projections. 

.NV)re attention needed to racia. lj.:'.ince provisions if it is to have wide /application. 

in response to the.s. ,'ommenls, thr final version of Chapter 5 has had the mathematical 
formuK.'S deleted. <. I hopefully the general consideratiopo and specific instructions 
( ...fined. It .hould LOW be clear that the Manual Version is not appropriate for vrry larn*- 



(Si) 



school districts, or ssues involving racial balance. 



Chapter Tiv; Projt"::t Organi^^ation. Tlie suggestions for preliminary planning prior to 
iniplemenl a mv.jor facility planning study were understood by those responding to the 
evaiuatior. uuestionnaire. Tr7rmino!og>' and sub-heading sequence were judged appropriate 
and hcipfi'.;. IMng additional figures or ch.\rts wa^ not seen as pariicularly necessary (See 
Figure 8 Ci. 

Debate regarding the need for this kind of chapter and its propvr k- -a/ion in the handbook 
first surfaced at thf Project Review Committee meeting in Aj.v «l, '975. The rompromise 
reached was that because some readers might find the message U:-. <'.;! ^ ^ vndenseu* iiscussion 
should be included, but in the back of the hanuoook. where it wouldr/t ''get in th: way." 
5;ame issues were raised by the questionnaire respondents. One invividual viewed '^le 
.apier as geared to public relations, **to encourage the superintendent to involve thf^ nublic 
in the planning process." Other comments indicated further differences in evaluating the 
chapter's worth. 

This chapter is too vague and generalized in parts. Needs a better outline and would 
suggest the technique of listing items for clarity within paragrpah organisation- 
Regarding the suggestions for use of outside consultants, my personal opinion is that 
experienced, alert school administr >rs do a much better job of developing plans and 
analyzing needs than architects, planning engineers, or community planning' 
consultants. There are some advantages, of course, ir having citizens serving in an 
advisory capacity on some phases of planning. 

I am not convinced this belongs in the handb jok at all, and if by chance it does, not as 
Chapter 6 and not as long. Maybe it could be merged into Chapter 1 and then as a chart 
or in outline form only. 

Ver>- naive chapter. This strategy couid work in building a s'-hool. It will rarely succeed 
in closing a school. 

Perhaps this chapter should precede other chapters? 

The chapter is more* of an overview of considerations to be- taken into account, without 
specific guidelines to assist the adm .'rtrator in dealing with these conr.idc-i Uions when 
plannir.g the proi-ct organization structure. 

The chapter does not elaborate enough to provide one with a "handle^* ■ ..ocedures 
for organizational considerauons 

Could be a good deal more useful if c^implc models were Introduced and elaborated on, 

Sprcific procedures suggested in the chapter were also questioned by school personnel. 

Plough siy.ty-S' ven percent oi thr respondents agreed upon the validity of the **steps" for 
organizi. a f.? :ility study, thirty-three percent or five persons were uncertain or disagreed. 
Most respondents agreed that the statements in the chapter were generally c. i^nted to use by 
professional r.nd )ay groups, and that the needed human resources were realistic. But, again, 
a )-irge minority, :ji proximately twenty-six percenttwere u^'oertain or disagreed. Similar 
rau-^s were f^und in regard to the usefulness of the component. \V thout considering the 
•.♦ndoci' f"? person:, f^ ir individuals indicated iheir interest in implementing the total system 
was rrtt st»Sta»:iod ?.ht'T reading the chapt>'r; a slight majority suggested their interest was 
sust''*:ned. 

Ch apter : Planning Considerations , Administrators found Chapter 7, which was 

\vritten them review facility plan options and data, generally acccpti: .je (See Figure 

8 7). The L Tminolog>' was indicated to be appropriate and consistent. Schoo! personnel 
bolioved the information was written for their implementation but were undecided as to 
whether charts and gr^i/jh' would be valuable in providing additional meaning, 

I.J forma tio-"; ..p<^r He to the chapter v,as four^^ agreeable by seventy-five percent (12) of the 



respondents. Several administrators were uncertain; but generally the '^plan formulation" 
section, '^daia considerations" section, and **systems maintenance" m-ticn were thought to 
contain useful suggestions. Fifty-six percent (9) of the respondentG sii-.:?.;ned an interest 
toward implementing the SFPS, while thirty K)ne p(>rcen (5^ and th?:L2n percent (2) 
respectively, were uncertain or lost interest. 

Most comments were favorable, suggesting the chapter was well written and helpful. Some of 
the same concerns expressed about the level of sophistication and the physical location of 
Chapter 6 in the handbook were again apparent. 

Techniques for dealing with community issues should be treated much more fully. This 
is one of the better sections of the docu.Tient! However, you still did not deal with the 
role of leadership in projecting some kind of vision for the schools; most people 
fcspcnd somewhat emotionally to school issues and all of the careful homework in the 
world can be for nothing if the emotion; factors cannot be dealt with. 

Clarity of writing st>'](? is much better in data section than in othprs. 

Early sections appear quite simplistic. Perhap iiis chapter should precede others? 

Adequate coverage of the ^-ijor considerations. Of course, those who have lived 
lhT< :[^h school closings can aau to each section. Why not a.sk for anecdol.al comments? 

I wouUi have used must of this to amplify the introduction. 



Examination of the question - -ire responses for all seven chapters of the User's 
Handbook: Manual Version rt.L-aied several patterns (See Figure S-8). Most chapters wore 
considered lo be written in a consistent and understandable manner. Chapters 4, The Fiscal 
Component, and 5, The Geographic Component, appeared to need a clearer explanation of 
the procedures. Chapters 2 and 7 received higher scores on *'imp!empntation by school 
administrators" than did Chapters 5 and 6. Chapters 1 and 3 had moderate scores. 

The use of charts, graphs, and forms was viewed as good in Chapters 2, 3, and 4, while, with 
the exception of a low score for Chapter 6, other components were average. 

The percentage of "uncertain" scores, those respondents marking **4 ' in the middle cf the 
1-7 continuum, plus those items left blank on the questionnaire, might be considered 
enlightening. Chapters 4 and 5 had 28.4 percent and 27.4 percent of the possible responses 
marked "uncertain." Chapter 1 had thirteen percent where the other four components had 
approximately nineteen percent. 

Qiapters ' and 5 also created the least interest toward implementing the System. Cl^apters 1, 
2> and 7 sustained the most interest, while the other two components were average. 

Based upon the project's specif;catinns and the Project Review CommiUee's suggestions, it 
appears that a capital planning ar; '. budgeting capability, easily Jr i:»rmood by local and 
non-technical professionals, was par' ally developed in the August 1975 draft. 

The report ecUing conducted Ir^ni September, 197.5, through December, 1975,att<'i7 tea to 
incorporate many of the questionnaire suggestions. The org.'tni/.ation of several (r-aplers was 
revised, and a ronf^rious attempt was made to eliminate redundanry and to clarify 
definitions. 

Several major issues were ,;-)t resoHed. The overall '^ize of the handbook was not material iy 
reduced. A format w.- ; desi,^ . whereby the procedural steps were printed in bold cn 
colored paper stock, thereby highlighting their separation from the more central explanatory 
material. Serious consiri^ration of a separate brochure that would contain only the forms 
and a minimum of instructions -.vas not possible within the remaining project budget. Tliis 
approach was recommended bv several reviewers. It should be ex':mined in any follow-up 



testing and evaluation efforts. Similarly, the decision was made to keep the basic approach 
of placing introductory, and, for some, simplistic material (i.e., Chapters 6 and 7) at the end 
of the report. 

The Connputcr Version of the School Facility Planning System benefited ?n some respects 
from the e^^ciiuation process in that Chapters 1, 6, and 7 have been placed in both 
handbooks. Chapters 6 and 7 become 7 and 8 respectively in the Computer Version. This 
handbook, however, has not received the critical review necessary prior to widespread 
dissemination. Both handbooks need further field testing before a conclusive evaluation can 
be made. 



Note: 



1. These teams consisted of Public Technology Incorporated, Washington , D.C., focusing 
on capital planning for fire stations and Cuvran Associates, Northampton, 
Massachusetts /ocusing on capital planning for water and wer facilities. 



FIGURE 8-1 SUMMARY OF RESPONSES FROM SCHOOL ADMINISTRATORS* 



CHAPTER 1 - SFPS Evaluation Response - Introduction 

An introduction to the School Facility Planning System (SFPS) is offered in Chapter 1 for purposes of presenting 
school administrators with an overview of the System. Please indicate your reaction to this chapter on the 
remainder of this page, and the reverse side if necessary. 

You are -^quested to circle a numeral along the continuum of 1 thru 7 to indicate the cJarity and utility of the 
propose, system for public school districts. Both general and specific comments (referenced, where possible, to 
pages in the draft) will also be appreciated. 

After completing this page, return the Chapter 1 materials to your evaluating coordinator or school 
superintendent. 



Completely Completely 
disagree sig^ce 



N/A 



1. The chaptt'r was understandable. 0 T 



0 0 3 5 6 0 
2 6 5 0 



2. The terminologv- was appropriate 0 10 1 
and consistent. 

3. Sub-heading sequence assisted in 0 10 2 13 
understanding the materials. 

4. The chapter was written for implementation 0 0 13 15 
by school administrators. 

5. Charts and graphs were valuable 1 0 0 4 3 2 
in understanding the materials. 

The rationale for tiovcloping the 0 0 1 2 3 5 

School Facility Planning System was explained. 

The School Facility Planning System^ 0 0^146 

fnd-products wore clearly stated. 

8. The process for completing the necessary 0 0 1 2 6 4 
analysis was ad'?qnatrly explained. 

9. Advantages of .Lc -chool Facility Planning 0 0 2 1 4 7 
System were adtqaa^'Iy si.^ted. 

10. Limitations of the School Farility Planning 0 1 2 2 5 ? 
System wore adequately si^^lyd. 

11. After roadi-^ the Chapter, an interest in the 0 0 2 1 2 4 
pos.sibio in. .emontation of the System v/as sustained. 

*Numbers to the rij^ht of ,-ftch Item indicite qiiality of response as woli as number responding (N - 1."). 
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FIGURE 8-2 SUMMARY OF RESPONSES FROM SCHOOL ADMINISTRATORS^ 



CHAPTER 2 — SFPS Evaluation Re^onse - Enrollment Component 



Chapter 2, the Enrollment Component of the School Facility Planning System (SFPS) is designed to nssist 
admmistrators in projecting school enrollments on a district-wide and sub-area basis. On these pages please 
respond according to your beliefs about the information in the chapter. 

You are requested to circle a numeral along the continuum of 1 through 7 to indicate the clarity and utility of 
the proposed system for public school districts. Both general and specific comments (referenced, where possible, 
to pages m the draft) will also be appreciated. 



After completing these ; 
superintendent. 



:i % return the Chapter 2 materials co your evaluating coordinator or school 



Completely 
disagree 



Completely 
agree 



1. The chapter \v7is understandable. 

2. The tt-rminology was appropriate 
and consistent. 

3. Sub-heading sequence? a:^isted in 
understanding the matehals. 

4. The chapter was written for implementation 
by school administrators. 

6. Charts and graphs wore valuable 
in unrfprranding the materials. 

6. The rcliability of the techniques appears 
sufficient to warrant use by public school districts. 

7. The explanation of the cohort survival 
technique was sufficient. 

8. Historical data could be a'somblod to 
use the cohort survival techniq'if?. 

9. The explanation of the time trend 
projection technique was sufficient. 

10. Historical data could be assembled to 
use the time trend projection technique. 

11. The explanation of the ratio method 
technique was sufficient. 

12 Historical and Independent projection data 
could be assembled to use the ratio m-^thod. 

13. The evplanation of the dwelling unit 
multiplier technique was sufficient. 



0 0 
0 n 



0 
0 



N/A 



0 
0 



0 0 1 1 4 6 4 



G 1 0 1 4 6 3 



0 1 2 1 4 4 4 0 



1 0 0 2 5 J 2 



0 0 1 1 2 8 ^- 



0 0 1 14 4 6 



0 0 1 1 4 7 2 



0 0 1 2 4 4 4 



0 0 1 0 6 6 2 
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FIGURE 8-2 (continued) 



CHAPTER 2 — '''^PS Evaluation Req}onse — Enrollment Component 



Completely Completely 
disagree agree 



14. Historical data could be assembled 

use this technique. 

15. The explanation of the technique for 
estimating confidence intervals v/as 
sufffcient. 

16. Historical data conld be assembled to 
use this technique 

17. The explanation of the technique for 
estimating enroi^nnent by grade was 
sufficient. 

18. Historical data could be assembled 
to use this technique. 

19. The explanr tion of the techniques for 
projecting the geographic distribution 
of future enrollment was sufficient. 

20. Historical data could be assembled 
to use this technique. 

21. The explanation of the technique for 
projecting the racial composition of 
future enrollment was sufficient. 

22. Historical data could be assembled 
to use this technique. 

23. The examples provided in the text 
were helpful. 

24. The caveats presented in the text were 
sufficient. 

25. After rco Jing the chapter, an interest 
in th^ possible implementation of the 
System was sustained. 

26. Approximately how many "work hours" would be requr J to complete the tasks assigned in this chapter? 
10-20-30-40-50-60+ . (Response averaged 60 hours plus.) 

♦Numbers to the right of each item indicate quality of response as well as number reyponding (N - 16) 
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1 2 3 4 5 6 7 N/A 

0004533 1 

0104440 3 

0001660 3 

0011372 2 

0G21272 2 

0010742 2 

0 0 1 0 8:.! 2 

0 0 1 3 5 4 1 2 

0014232 4 

001174 2 1 

0012543 1 

0021432 3 



FIGURE 8-3 SUMMARY OF RESPONSES FROM SCHOOL ADMINISTRATORS* 



C1IAPTKR3- SFPS Evaluation Rcq)onse - Facility Component 

Chapter 3 of the School Facility Planning System (SFPS) is designed to help school administrators examine the 
mpac of expec ed enruilment levels on future facility needs. Please indicate your reaction to this chapter on the 
following pages, including the reverse side, if necessary. 

JhTr^lZn^T'^f ^ continuum of 1 through 7 to indicate the ci^irity and utility of 

he proposed system for public school districts. Both general and specific comments (referenced, where possible, 
to pages in the draft) will also be appreciated. 

s'iSntenTent""^ "'''^ "^'""^ ^ ^ evaluating coordinator or school 



Completely 
disagree 



Completely 
agree 



1. The chapter was undoistandable. 

2. The u rminology was appropriate 
and consistent. 



0 0 
0 0 



6 
5 



8 
5 



1 
3 



N/A 



0 
0 



3. Sub-heading sequence assisted in 
understanding the materials. 

4. The chapter was written for implementation 
by school administrators. 



0 0 1 1 3 8 3 



0 0 2 2 3 6 2 



5. CharLs and graphs w'ere valuable 
in understanding the materials. 

6. Description of the general design was 
understood. 



0 0 1 4 0 6 5 0 



0 0 0 4 7 4 1 



7. The *Mevel of effective enrollment" was 
deTined clearlv. 



0 0 1 1 9 5 0 



8. Calculation of "level of effective 
enrollment" was described adequately. 

9. **U>vel of effective enrollment" was a 
useful concept. 

10. Squaa* footage methods yield a reliable 
meaKure of future facility needs. 

11. Teaching station methods yield a reliable 
measure of future facility needs. 

12. The procedures for executing this 
component were understood. 

13^' The sequential development of tiie 
procedural st^p? was clear. 



0 0 2 1 7 5 1 G 



0 0 2 1 5 7 1 



0 1 2 5 5 1 1 



0 0 1 3 7 3 2 0 



0 0 1 2 4 8 1 0 



0 0 1 2 4 8 1 
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FIGURE 8-3 (continued) 



CHAPTER 3 - SFPS Evaluation Response - Facility Co mponent 



Completely Completely 
disagree agree 



-2 1 7 N/A 



14. Forms A and B were helpful guides i 
when considering data collection. 

15. Calculations using this component 000 2 39 2 0 
would be feasible for most districts. 

16. Enough examples wore presented to 0 0 2 2 4 5 3 0 
unclp.r:;t;jnd the techniques. 

17. Form A was clearly understood. 0014272 0 



18. Form B was clearly understood. 0 0 0 4 2 7 2 



1 



19. After reading the chapter, an interest 0000221 11 
in implementing the System was sustained.** 

20. Approximately how many **work hours" would be required to complete the Usks assigned in this chapter? 
^'-8-12-16-2Q-3Q-40-50'*- . (Rebponse averaged 40 hours plus.) 

♦Numbers to the right of each item indicate quality ot response as well as number responding (N - 16) 
**0n the original form, the evaluation scale was inadvertently omitted, thus accounting for the low response. 
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!-"4 SUMMARY OF RESPONSES FROM SCHOOL ADMINISTRATORS* 



CHAPTER 4- SFPS Evaluation Response - Fiscal Component 



S^inmii^V^' ^'r^°u ^''^^'^^ ^^'""'"^ ^^'^'"^ P^^^"^^^ ^ help school administrators examine the 

iTZl'^ZT^ to circle a numeral along the continuum of 1 through 7 to indicate the clarity and utility of 

i nn^pf-n ^^ Z Z ^^n Pr'^ll^^'^^^ S^*'^^^^ ^P^^^^^'^ '^^^^^'^ (referenced, where possTbie, 

to pages m the draft) will also be appreciated. pubbiuie, 



After completing these pages, return the Chapter 4 materials to your evaluati 



supcrint-ndent. 



ng coordinator or school 



Completely 
disagree 



Completely 
agree 



3^ The chapter was understandable. 

2. The t4^rniinoIog>' was appropriate 
and consistent. 



1 2 3 4 5 6 7 N/A 
0 0 1 4 6 5 0 0 



0 0 0 3 10 2 1 



0 



3. Sub-heading sequence ass: ted in 
understanding the materials. 

4. The chapter was written for implementation 
by school admini.strntors. 



0 0 0 3 6 5 2 



1 0 2 3 4 4 1 



5. The fibres and forms were valuable in 
understanding the materials. 

6. The chapter organization was easily 
followed. 



0 0 



3 6 2 3 0 



0022840 0 



7. The procedures for projecting future 
construction costs are clear and valid. 



0 0 5 3 6 1 1 0 



8. The procedures for projecting salary 
and benefit operating costs are clear 
and valid. 



0 0 3 5 6 1 1 



9. The procedures for projecting .suppiv 
and service operating costs are clear 
and valid. 



0 118 4 11 



10. The procedures for projecting linear 
growth or decline are clear and valid. 

11. The procedures for projecting non -linear 
growth or decline are clear and valid. 

12. The procedures for translating projected 
structures into assessed valuation are clear 
and valid. 



0 0 4 7 14 0 



0 0 3 6 3 4 0 



0 0 3 



^3 3 4 1 
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FIGURE 8-4 (continued) 



CHAPTER 4 - SFPS Evaluation Re^onse - Fiscal Component 



Completely 
disagree 



CompJetely 
agree 



13. The procedures for projecting revenue from 
other local tax and non-tax sources are clear 
and valid. 

14. The procedures for projecting revenue 
from state sources are clear and valid. 

15. The procedures for projecting federal 
revenue are clear and valid. 

16. The directions for formulating a capital 
plan are clear. 

17. The overall analysis made possible with 
the Fiscal Component would probably be 
useful. 

18. After reading the chapter, an interest 

in implementing the System was sustained. 



0 
0 



4 
4 
1 



N/A 



19. Approximately how many "work hours" would be required to complete the tasks assigned In this chapter? 
4-8—16— 20— 30— 40— (Response averaged 50+ hours.) 

♦Numbers to the right of each item indicate quality of response as well as number responding (N - 16) 
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FIGURE 8-5 SUMMARY OF RESPONSES FROM SCHOOL ADMINISTRATORS* 
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CHAPTER 5 -SFPS Evaluation Response - Geographical Component 

SuJilet LV!lnn!?°°' ^"'"'y /'^"'"g System (SFPS) presents a method for establishing attendance 
^acUorto%hi. .^"^"^^""f/^^"'^.^^ sites for the closing or construction of a school. Please indicate your 
reaction to this chapter on the remainder of this page and the reverse side, if necessary. 

DroDo^d3p^ "! '° ' ' "^r^ continuum of 1 through 7 indicate the clarity and utility of the 

rjs b thTlft/°'r. »r ^""^ 2'"'"^ "-"^ ^P^""'^ '^""""^"^ (referenced, where possible, to 

pages in the orait) will also be appreciated. 

f^rinSnt'"^ ^'P^' ^ coordinator or school 

^"^P'e^e'y Completely 
disagree 

1. The chapter was understandable. 5 f 1 5 1 1 j UIA 

2. The terminology w-as appropriate 0 0^1641 

and consistent. " o ^ 1 2 

3. Sub-heading sequence assisted in O1124'^'^o 
understanding the materials. 4 d j 2 

4. The chapter was written for implemenUtion 022232^ 9 
by school administrators. 



5. Charts and graphs were valuable 
in understanding the materials. 



1 



6. The data collection requirements 0 1 2 2 3 5 1 
appear practical. 

7. The technique would bo useful In 1 2 1 3 3 3 1 
designating school attendance 

boundaries. 

&. The t<>chnique would bo useful in 2 0 2 2 4 3 1 

evaluating alternative sites. 



9. After reading the chapter, an 3 2 0 

interest in implementing the System 
was sustained. 



1 



lVlT° 6-2^^^ .r'*" ^ ^^"'^^ ^ ^^'"P^^^ ^»^^d in this Chapter? 

4 B— 1^ ^b— 2t>-3C>-l(>-50-»- . (Ro^onse averaged 50 hours plus.) 

*Numbers to the right of each item indicate quality of response as well as number responding (N - 16) 
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FIGURE 8-6 SUMMARY OF RESPONSES FROM SCHOOL ADMINISTRATORS* 



CHAPTER 6 — SFPS Evaluation Response — Project Organization 

Chapter 6 of the School Facility Planning System (SFPS) offers suggestions for the preliminary planning that 
should precede any major facility planning study. Please indicate your reaction to this chapter on the remainder 
oi this page and the reverse side, If necessary. 

You are requested to circle a numeral along the continuum of 1 through 7 to indicate the clarity and utility of 
the proposed system for public school districts. Both general and specific comments (referenced, where possible 
to pages in the draft) will also be appreciated. ' 

After completing this page, return the Chapter 6 materials to your evaluating coordinator or school 
supcnntendent. 



Completely Completely 
disagree agree 

^ mr. 1 2 3 4 5 6 7 N/A 

1. The chapter was understandable. q 0 0 0 4 6 4 ^ 

2. The tennInolog\- was appropriate 0000644 1 
and consistent. 

3. Sub-heading sequence assisted in 0 0 0 0 5 5 4 1 
understanding the materials. 

4. The chapter was written for implementation 0 0 3 3 2 : 4 2 
by school administrators. 

5. Additional figures would be valuable in 2113222 2 
understanding the materials. 

6. The **steps" suggested for organizing 1003262 2 
a facility study appeared valid, 

7. Statements generally were oriented to 00043521 
the use of professional and lay groups. 

8. Human resou. :es suggested to Implement 1002344 1 
the School Facility Planning System 

were realistic. 



9. The chapter constitutes a useful 10 12 

supplement to the System. 



2 



10. After reading the chapter, an interest 2 0 2 1 3 4 1 

in implementing the System was sustained. 

♦Numbers to the right of each item indicate quality of response as well as number responding (N - 15) 
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FIGURE 8-7 SUMMARY OF RESPONSES FROM SCHOOL ADMINISTRATORS* 



CHAPTER 7 — SFPS Evaluation Response — Planning Considerations 

Chapter 7 of the School Facility Planning System (SFPS) is designed to provide additional information' to those 
administrators wishing to review facility plan options, additional relevant data and possibilities for updating the 
System in future years. Please indicate your reaction to this chapter on the remainder of this page and the reverse 
side, if necessary. 

You are requested to circle a numeral along the continuum of 1 through 7 to indicate the clarity and utility of 
the proposed system for public school districts. Both general and specific comments (referenced, where possible, 
to pages in the draft) will also be appreciated. 

After ^'Tompleting this page, return the €3iapter 7 materials to your evaluating coordinator or school 
superintendent. 

Coinplciely Completely 
disagree agree 

N/A 



1. The chapter was understan(]able. 0 0 0 1 2 8 4 

2. The terminology was appropriate 0 0 0 2 1 8 4 
and consistent. 

3. Subheading sequence assisted in' 0001266 
understanding the materials. 

4. The chapter was written for implementation 0 0 2 0 4 3 6 
by school administrators. 

5. Charts and graphs were valuable 110 5 13 4 
in understanding the materials. 

6. The "Plan Formulation" section contained 0 0 1 3 3 3 5 
useful suggestions. 

7. The "Data Consideration" section 0 0 1 2 0 5 7 
contained useful suggestions. 

0. The "Systems Maintenance" section 0 0 12 19 2 

contained useful suggestions. 

9. The chaptefconstituteri 5 useful 0 0 0 1 0 9 3 

supplemer.t to the System. 

10. After reading the chapter, an 0022243 
interest in implementing the System 
was sustained. 

♦Numbers to the right of each item indicate quality of req)onse as well as number responding (N - 16). 
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FIGURE 8-8 QUESTIONNAIRE SUMMARY 
Agreement* — Uncertain Scores'* 



Statement 


Ch. 1 


Ch.2 


Ch.3 


Ch.4 


Ch.6 


Ch.6 


Ch.7 


1 


13-0 


15-1 


14-0 


10.4 


8-2 


14-1 


14-2 


2 


12-1 


15-1 


12-2 


13-3 


9-3 


14-1 


13-3 


3 
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GLOSSARY 



Thf following' liTms an* iis^i'd froqutMUly throut?hout the School Facility Planning System documi'iitation. In some 
cases the meaning may diffor sliijhtly from that commonly used by educational administrators. 

Adequate Space - All existing facility space considered adequate for teaching purposes, and requiring no 
financial investment other than routine maintenance costs. In the Facility Component, adequate space is 
compared with required space to determine the expected space deficit or surplus. 

Assessed Valuation - The real property tax base against which a tax rate is applied to yield local property tax 
revenue. Assessed valuation varies with the level and quality of urban development and local assessing policy. 
Techniques whereby it may be forecast are described in the Fiscal Component. 

Asymptote - The upper lor lower) limit of a community, whether measured in terms of population, dwellings or 
assessed valuation. Some of the projection techniques used in the Enrollment and Fiscal Components allow 
the user to establish this upper (or lower) limit. 

Attendance Area - A geographic area within a school district from wjiidi all public school children attend the same 
school. The Geographic Component is designed to help draw up attendance area boundaries. 

Alternative School - A -non-schooF' approach oriented to students that are not interested in a traditional high 
school formal (e.g.. Philadelphia's Parkway Program or Chicago's Metro High School). This may be an 
important consideration in calculating "effective eiirollmer.t" in the Facility Component. 

Bonding Capacity - The maximum bonded indebtedness permitted of a school district under state law. This may 
be calculali'd on a gross basis, usually as a percent of total assessed valuation, or on a net basis after existing 
outstanding indebtedness is considered. 

Capacity - The number of students that can be accommodated in a school given its physical size and design, and 
the policii sand standards endorsed by the school board. 

Cohort Survival - A technique for projecting student enrollment by calculating the '^survivors" from one grade to 
the ne.xt. .Also known as the "Grade Succession" or "Grade Aging" technique. 

Component - A major sub-system wilhin the School Facility Planning System. The four analytical components 
are designed to be used independently or together, depending upon the needs of the user. 

Confidence Interval - A range of values within which a projected variable such as enrollment or assessed 
valuation will fall a large percentage of the time. Also known as a confidence band, limit or envelop, this 
concept is ver\* important in making long-range forecasts. 

Course Enrollment ~ The average number of courses taken daily by individual students in a particular subject 
area multiplied times (he number of students in the school or district. As described in the Facility 
Component, this variable is used to calculate ''effective enrollment." 

Demand - An expressed need or request for a commodity. A major objective of the Sciiool p^acility Planning 
System is to help school districts forecast the future demand for public education and derive the facility 
implications. 

Dwelling Unit Multiplier -A technique for projecting student enrollment based on a projection of residential 
dwellings and expected yield of school children per dwelling. Appropriate in rapidly growing districts. 

Economy of Scale - A measure of the unit cost savings for land, labor, and materials that may be achieved by 
building a larger rather than smaller facility. The concept must be used carefully because the contribution to 
educational quality of any two school facilities will rarely be the same, and hence comparing their costs may 
be misleading. 

Effective Flnrollment - The number of students expected to be physically in attendance at a specific point in 
time during a typical school week. The desired teaching station or square foot standard applied against 
effective enrollment in the Facility Component yields a measure of required space. 

Extended School Day/Year - A program for increasing the capacity of a school facility by reducing the number 
of children atte;.ding school at any specific time. The impact of staggered or double sessions, or a 12 month 
school year r;:n all be ' tested" using the Facility Component. 

o ' 1 0 i 

ERIC 



Facility — Any school space or building ust'd to serve students. The user of the Facility Component may consider 
the need for any kind of space measured in terms of teaching* spaces or square feet. 

Found Space— Building space "discovered" within an existinjj school or "non-school'' building (e.g.. warehouse, 
industrial plant) for teaching purposes. An important consideration in formulating alternative facility plans. 

Gompertz Curve — A special type of logistics curve in which the rate of change is dccrvas ng exponentially. This 
function appears as an '^S" curve, and has the form P^^^^ = log K + (log . ) (log/r"). li may be used in the 
computer-based version of the Enrollment and Fiscal Components. 

Grade Organization — The manner in which a school system assigns its grades to 'lenientarv and secondarv schools 
(e.g.. 4-4-4, 6-2-4. 6-3-3, etc.). 

Grid — The smallest geographic area for which dwellings and students are forecast in the System. Also known as 
"areas/' grids may have irregular or rectangular boundaries. Data must be assembled by grid to support the 
Geographic Component. 

Home-Base School — A school system in which the building is the '^Home-Base" only for students' activities. High 
schools with work study procrrams or a **School Without Walls" are Home-Base schools with the potential for 
an enlarged student capaciiy. 

Joint Occupancy - A method for sharing the cost of a facility between a public school district and some other 
organization (e.f^., a city government) by sharing the space. An option to be considered in drawing up a fiscal 
plan and facility plan. 

Linear Pre gram — A mathematical technique whicn allows the value of a linear function to be minimized or 
maximi/:ed. subject to certain constraints. Linear programming is used in the Geographic Component to assign 
students to schools so that transportation costs are minimized. 

Logistics Curve — An *'S" shaped curve resulting irom an exponential function of the form P^^ = K/I + c^'^bn 
Techniques using this function are found in the Enrollment and Fiscal Components. 

Module — A discrete set of ta.sks in the computer version of the System. Typically a component can be categorized 
in terms of several modules. 



Open Campus — An increasingly popular concept that permits high school students to move freely inside and outside 
of school when not scheduled for ? course. Adoption of an open campus policy will have implications fv>r 
required teaching spaces, libraries, lounges, and other school space. 

Periods Per Course — The average number of periods per course each student attends in a typical school week. This 
factor is used to help determine effective enrollment for a given subject area in the Facility Component. 

Periods Per Day —The number of periods each day during which classes are held. As reviewed in the Facility 
Component, this factor will contribute to the calculation of effective enrollment. 

Planning Period — The future time period over which forecasts will be made, and for which facility s?ze and location 
decisions will bo made. Fhe planning horizon is the farHhest year into the future for which facility planning will 
be conducted. 
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Policy — A course of acMon adopted by the school district which directly or indirectly impacts facility planning 
(e.g.. staggered sessions, grade organizations, etc.). 

Projection — A statement of conditions expected to exist in the future based on a set of explicit assumptions. The 
terms ''projection*' and "forecast'' are used interchangeably throughout the documentation. 

Ratio Method — A technique for projecting enrollment whereby students are estimated as a function of a projected 
ratio multiplied times an independently derived projection for a larger jurisdiction (e.g., county, state, or 
national). 

Region — A geographical homogeneous sub-area of a school district for which independent projections are made. 
The typical district can be divided into two to four '"regions" which in turn can be broken into as many as 30 
"grids.'' 

Regression Analysis— A statistical measurement of the form and strength of relationships between variables. Linear 
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and e.vpotu'iitial re<i;res.sion techniques may be used in the Enrollment and Fiscal Components for projection 
purpuses. 

Resource CerUer - A particular facility such as a library, art or vocational building which may attract students 
from more than one separate school. A consideration hi developing a facility plan. 

School District -A goveninient entily engaged in the operation of public schools. The term is used 
synonymously with "school system/' ''local educational authority (LEA)," and ''the user" throughout the 
documentation. 

School Size — The desired maximum capacity or number of students per .school type (e.g., elementar>' 
schools- iOO children, high schools-1500 children, etc.). This standard may have an important bearing on 'a 
facility plan. 

Square Feet - One of the measures of sch(Jol capacity that may be used in the Facility Component. Gross or net 
square foot pvr student may be used. See Teaching Station. 

Standard - A measure or criterion that directly or indirectly impacts facility planning (e.g., desired square feet 
per pupil, desired pupils per teaehinij station, etc.) as adopted by the school district. 

Subject .Area — Any course or combinaiion of courses for which the offective enrollment is to be calculated in the 
Facility Component. In general, a particular subject area should be defined in light oi similar space type 
requirements (e.g., regular clas.srooms, iarge classrooms, etcj. 

Survey - The traditional approach v/hereby administrators inventory and evaluate .school buildings, curriculum, 
and instructional techniques. The School f-'acility Planning System does not replace the need for 
comprehensive school surveys. 

Teaching Station ~ Any cla.ssroom or learning space as defined by a school district, and u.sed in measuring 
capacity in the Facility Component, See Square Feet. 

Transportation Costs ~ A measure of the dista.nce. time or money associated with transportation. The Geographic 
Component assists in the design of attendance boundaries, or the evaluation of school sites by indicating the 
configuration which will best reduce transforation costs. 

Utilization Rate — The average percent of educational .spar .ich is occupied at any time during a typical school 
day. This factor is used to permit increa.sed flexibility in determining space requirements in the Facility 
Component. 

Uncertainty - A condition that characterizes all planning activity, especially where long-range forecasts or 
projections are mvolved. The School Facility Planning Sy.^iem has been designed to assist administrators in 
explicitly considering thji- reality of uncertainty. 
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